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Abstract

Software visualization(SV) usescomputergraphicsto communicatehe structure
andbehaiour of complex softwareandalgorithms.Oneof theimportantissuesn

this field is how to specify SV, becausesxisting systemsare very cumbersomeo

specifyandimplementwhich limits their effectivenessandhindersSV from being
integratedinto professionasoftwaredevelopmentools.

In this dissertatiorthe visualizationprocesss decomposecthto a seriesof formal
mappingswhich providesa formal foundation,andallows separat@aspect®f visu-
alizationto be specifiedndependentlyThe first mappingspecifieghe information
contentof eachview. The secondmappingspecifiesa graphicalrepresentatioif
theinformation,anda third mappingspecifieshe graphicalcomponentshatmake
up the graphicalrepresentationBy combiningdifferentmappingscompletelydif-
ferentviews canbe generated.

The approacthasbeenimplementedn Prologto provide a very high level speci-
ficationlanguagédor informationvisualization,anda knowledgeengineeringervi-
ronmentthat allows dataqueriesto tailor the informationin a view. The outputis
generatedby a graphicalconstraintsolver thatassemblethe graphicalcomponents
into ascene.

This systemprovidesa framework for SV calledVmax. Sourcecodeandrun-time

dataare analyzedby Prologto provide accesgo information aboutthe program

structureand run-time datafor a wide rangeof highly interconnectedrowsable
views. Differentviews and meansof visualizationcan be selectedfrom menus.
An automatidegenddescribegachview, andcanbeinteractively modifiedto cus-

tomizehow datais presentedA text window for editingsourcecodeis synchronized
with thegraphicalview. Vmaxis acompletelJaszadevelopmenernvironmentandend

userSV system.

Vmax comparedavourablyto existing SV systemsn mary taxonometriccriteria,
includingautomationscopejnformationcontent,graphicaloutputform, specifica-
tion, tailorability, navigation, granularityandelision control. The performancend
scalabilityof the new approachs very reasonable.

We concludehatPrologprovidesaformalandhighlevel specificatiodanguagehat
is suitablefor specifyingall aspect®f a SV system.
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Chapter 1

Intr oduction

Computersoftware hasrevolutionizedthe way we work, and the software industry is worth
trillions of dollarsworld wide. Software systemsare the mostcomplex artificial objectsever
constructedandmanagingheir compleity is difficult. Softwareis alsovery difficult to write,
understan@nddehug. In responsesoftwaretoolsarerapidly evolving to createsoftwaremore
quickly andreliably.

Oneapproacho theproblemf comprehensioandcompleity is throughcomputeigraphics
andvisualization. This is softwae visualization(SV), which encompasseall applicationsof
graphicsto software development,including static programvisualization,visual programming
(manipulatinggraphicalrepresentationsf code),andvisualizationof run-timebehaiour.

Therationalefor SV is thatprogrammersndmanagersieedio understan@softwaresystem,
often long after it was written, for delugging and updating. It is widely acceptedhat code
maintenances the mostexpensve part of software engineering94]. Even small algorithms
canbedifficult to understanddehug, or communicateo students.Computergraphicsoffersa
powerful meansof communicatinghatinformationthroughvisualization.

The Year2000Bug highlightsthe needfor SV. A programmetrying to dehug poorly doc-
umentedegag/ codewould wish to know not just the overall structureof the program,but the
dependenciesf thevariousfunctionsin thesystemwhichvariablesstoreddatesandevenwhich
functionsor statementapply datecalculations.Using SV, a programanalysiswould determine
thisinformationanddisplayit in graphicafform.

Although developmentools have provided enormougproductvity gains,their degreeof vi-
sualizationis still very limited, and visual programminghasnot proved as successfuhs was
initially hoped[107]. Therecentadvancesin softwaredevelopmentools have comefrom im-
proveduserinterfacesandgraphicalsupportandSV couldimprove that productvity further.

In spiteof the obviousbenefitsthereareconsiderabléechnicaldifficultiesto overcome.The
main problempreventing SV from beingusedin professionablevelopmenttools is its inflexi-
bility and high setup costs. A systemfor automaticSV is neededo make SV accessibldéo
programmersAt the sametime it shouldbeflexible enoughto provide the desiredinformation
is thedesiredformat. In general SV systemaareeitherautomaticor flexible - they arenot both
[64].

Theaimof a SV systenis to provide usefulinformationabouta programto auser Program-
mersneedmary differenttypesof information,socompletesystemshouldvisualizeall aspects
of software,includingthe programstructurejow level details,highlevel overviensandrun-time
data.Most SV systemsaarevery specific,andhave a very limited scope.ln additionthey have a
very poorrangeof granularity anddo not view the programon mary differentlevels of detail.
Theelisioncontrolof mostSV systemss very poor, andthereareno facilitiesfor filtering awvay
irrelevantinformation,or for theuserto specifywhatis or isn't of interest.

Existing SV toolsor developmenienvironmentshave a very limited numberof views of pro-
gramobjectsor outputdata.In fact,therearedozensf differentwaysof representingvery pro-
gramobject, eachconveying differentinformation, or usingdifferentvisualizationtechniques.

11



12 1.1. AIMS

Many SV systemsonly have fixed output, and changingthe output requiresmanualprogram-
ming, which hindersendusersfrom tailoring their views. The mappingfrom datato graphical
form is fixed by programmingor specificationanguagesn SV systemsput techniquedor al-
lowing usergo changethis mappinginteractively would allow endusergto customizethe views
themseles.

Interactionwith SV systemsgs alsoverylimited. Mostviews arenotinteractve sotheobjects
in the view cannotbe interactedwith. For exampleit might be usefulto displayinformation
aboutobjectsheneatithemousecursor or to provideagraphicadisplayof whateverliesbeneath
the mousecursor It might alsobe usefulto displayan automaticegendof eachview because
views containingmary differenttypesof graphicaktructureanbeconfusing.Betternavigation
techniquesvould allow programmerso browsesoftwareandfind informationmorequickly.

Thereis little theorythatunderpinsSV. Currentapproachesdo not useary theoreticabasis,
andareimplementecad hoc Work shouldbe doneon the formalizationof informationdisplay
which mightleadto moreprincipledmethoddor designingSV systems.

The specificationtechniquedor SV systemsarevery awkward. SV systemsare specifiedat
a very low level, andthey arethereforecumbersoméo use. Work on specificationanguages
is neededo provide high level specificatiorandscriptingof SV, which would make SV much
easierto implementandprovide muchmorepowerful systems.

In spiteof thesetechnicaldifficulties, SV systemgprovide valuableinsightsinto theworkings
of complex software for mary differentkinds of computerlanguageandtask. The challenge
SV presentss to provide a systemwhich is very broadin scopeyery flexible in its output,has
dozensof differenttypesof view, is completelyautomatic canbe interactvely customizedand
canbespecifiedatahighlevel.

1.1 Aims

Priceet al. [79] identify mary of thesedifficulties and outline directionsfor future work. The
aim of thiswork is to producea SV systemthataddressesomeof theseproblemsby achieving
thefollowing aims:

1. Have a broadscope,visualizingall aspect®of computersoftware. Previous systemsare
toolimited in their scope Aspectgo includeare:

Programstructure.

Objectorientation.
Methods.
Run-timedata.

Resultsfrom programanalysis suchasmethodcalls, variableusesandcrossrefer
ences.

2. Provide a high level specificationrmethod. This shouldspecifythe following aspectf
SV.

¢ View content- whata view is shaving. This mustprovide a genericquerymecha-
nism.

e Graphicalabstraction how the contentsof the view arerendered.
e Interaction- how to interactwith itemsin the view.

Thespecificatiormethodof existing systemsarevery avkwardto use,anddo not specify
eitherview contentor interaction.

3. Provide dozensof differentviews of the programand run-time data. Previous systems
provide only a smallnumberof views becaus®f thedifficultiesin settingup new views.
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4. Basetheimplementatioron a theoreticafoundation. Existing SV systemsarenot based
onformalmodels.

5. Provide arich andvaried graphicaloutput. This offers a more powerful andinteresting
meanf expression.

6. Provideflexibility in graphicarepresentatiorlJsersshouldbeableto interactively change
theway datais represented.

7. Provide alegendthatdescribeshe contentsof theview. Thisis necessarif thegraphical
representatiotis so flexible, and usefulfor usersunfamiliar with the system. No other
systemgrovide anautomatidegend.

8. Provide navigationby browsingto programobjectsin the scene.Provide a preview win-
dow that graphicallydisplaysthe objectbeneaththe mousecursor and graphicalbook-
marksthatstoreviews for laterretrieval. Suchaninterfacewould provide aneasymeans
to accesslata.

9. Provideatext editingwindow thatis synchronizedvith graphicaliews of thesourcecode.
Thiswould provide codebrowsinganda completedevelopmentervironment.

1.2 Work Done

Theseaimshave beenmetby redesigninghevisualizationenginethatsitsat the coreof the SV
systemto generateheviews.

A specificatiormethodfor informationvisualizationhasbeendevelopedby decomposinghe
visualizationprocessnto a seriesof relationsthat canbe specifiedin Prolog. This providesa
formal foundationto informationvisualization,andthereforeto SV. Theformal modelis called
a semantianodelbecause¢he informationcontentof a view, or its semanticsis alwaysdefined
explicitly. Themodelalsoincorporates formal modelof interactionwith visualizations.

This methodhasbeenshawn to be practicalby implementinga generalpurposenformation
visualizationtool, SemanticvisualizationTool (SVT), usingthis approach.SVT canin princi-
ple be usedfor for ary type of visualization,andit is specifiedentirelyin Prolog. It provides
a methodfor interfacingarny knowledgebasedenvironmentin Prologto ary graphicaloutput
algorithm.

SVT abstractshe informationcontentof a view from its graphicalrepresentationThe map-
ping from the information contentto the graphicalrepresentatiotis dynamic,so that different
mappingscanbe selectedrom a menuto renderthe informationdifferently The mappingcan
be queried sothatalegendcanautomaticallydescribewvhatis in theview. Themappingcanbe
completelytailoredby theuserby interactingwith thelegendto changeheway individualitems
aregraphicallyrepresented.

SVT providesa browserinterfaceso thatary itemin a view is navigatedto by clicking on
it. Alternative queriesof the currentobject being viewed can be selectedirom a menu,and
alternatve methodsof visualizing the currentinformation can also be selectedrom a menu.
A preview window automaticallyprovidesa graphicaldisplayof the objectbeneattthe mouse
cursor and a bookmarkwindow providesfive thumbnailviews that can be usedto storeand
retrieve views.

SVT providesa framework for SV. A systemcalledVmaxhasbeenimplementedo browse
JavasourcecodeandJavarun-timedata.Vmaxis specifiedn Prolog,andusesPrologto analyze
sourcecodeandrun-timedataandstorethe programdatabaseViews definedin Vmax canguery
theprogramdatabas¢o provide ary informationaboutthe program.

SVT providesVmax with a specificationanguagethat allows all aspectof SV to be spec-
ified at a high level. SVT alsoautomaticallynanagesavigationandthe legend,and provides
graphicalalgorithmsto displaytheoutput.

Vmaxhasatext editorto editsourcecode,andprovidesa completedevelopmenernvironment
with integratedend-useiSV. Vmax canbe extendedby loadingusers’Prolog. Vmax alsovisu-



14 1.3. RESULTS

alizesProlog,andcanedit Prologasa visuallanguagesothatuserscanwrite their own queries
visually to provide new views.

Prologcanspecifyothertypesof visualization suchasdirectorybrowsingandgraphicaluser
interfaces.SVT andVmax wereimplementedo investigatevhetherusingPrologis a realistic
approacho SV, andhow sucha systemwould bedesigned.

1.3 Results

SVT andVmax provide acomprehensie SV ervironment.Becausehe approachs genericthe
systemhasavery broadscopeandaverywide rangeof graphicaloutputform. Figurel.1shavs
arangeof sampleoutput.

On a moderndesktopPC, the performanceof Vmax is quite reasonablemakingit suitable
for visualizing projectsof around100 000 lines of code. The codeinput rateis about6 300
linesof Java persecond.Thetime to generateviews is typically underhalf a second.Thefinal
systemhas151 differenttypesof view, or 70if alternative visualizationsarediscounted.These
include44 views for Java sourcecode,7 views for Jasarun-time,8 views for Prolog,6 views for
directoriesandoneview for help.

A taxonometriclassificatiorof Vmax hasbeenmadeusingthetaxonomyof Priceetal. [79],
givenin Table6.1. It shavsthatthe new approactio compardavourablyto previoussystemsn
mary criteriaincludingautomationscope jinformationcontent,graphicaloutputform, specifi-
cation,tailorability, navigation,granularityandelisioncontrol.

An empirical study of usability and usefulnes®of the systemlies beyond the scopeof this
work. It is intendedonly to demonstrat@ew techniquesandthereareno standardnethodgor
empiricalevaluationof SV systems.The systemis easyto usedueto its browserinterfaceand
degreeof automationput this hasnot beenconfirmedby usability studies.

Thereadeiis invited to downloadVmax?

1.4 Contrib ution

Thework demonstratea numberof new techniqueshatcanbeappliedto SV.

¢ It hasbeendemonstratethatthe programminganguagePrologcanbe usedto specifyall
aspect®f SV.

e A SV systemhasbeenconstructedhatcomparegavourablyto existing systemsn mary
taxonometriccriteria, including scope jnformationcontent,graphicaloutputform, speci-
fication,tailorability, navigation,granularityandelisioncontrol.

¢ A semantianodelof informationvisualizationprovidesalink betweervisualization first
orderlogic, andknowledgeengineering.Visualizationsystemsandknowledgeengineer
ing systemsanbeintegrated.

¢ A generaburposdnformationvisualizationtool hasbeenimplementedhatcanbe speci-
fied entirelyin Prolog.

e A dynamicmappingbetweertheinformationcontentof a view andthe graphicalform of
aview hasbeenimplemented.This canbe queriedto provide an automaticlegend,and
modifiedby theuser Differentmappingscanbeselectedo tailor the output.

o A typesystenfor informationartefacts[38] andgraphicalartefactshasbeenmplemented.
¢ Visuallanguagesanbespecifiedn Prolog.

o New methodsof interactionhave beendemonstratedncludinga browserinterfaceto nav-
igatearounda programdatabasea legend,anda preview window.

1URL: http://wwwecl.cam.ac.uk/Researé&tdnbov/vmax
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¢ New visualizationdor programobjects,includingcolouredNassiShneidermamiagrams
[72], have beendeveloped.

1.5 Notation and Typograph y

e Text thatis written in a slantedfont refersto Prologor C++ sourcecode.e.qg. virtual void
On-resetsize();

e Text insetin a Courierfontis alargerexampleof Prologor C++ sourcecode.e.g.
/I This is C++ source code

e Prologatomsandfunctorsbegin with a lowercasdetter e.g.charlesor parent(charles,
harry)

e Prologcompoundeermsare written as a functor followed by a comma-delimitedist of
argumentsn roundbraclets.e.g. parent(charlesarry)

e Prologlists arewrittenin squarebraclets.e.g.[1, 2, 3].

¢ Prologvariablesbegin with anuppercaséetter e.g. X, Id andObject4 Thevariable' ' is
unbound.

e Prologpredicatesor compoundiermsmay written as Functor/Arity. e.g. parent(Rrent,
Child) would bewritten parent/2 parent/2is understoodo bedistinctfrom parent/3

e Prologmodulesare written as Module:Predicate e.g. java:method(Method) Often the
moduleprefixis omitted.

1.6 Dissertation Overview

Chapter2 describeshepreviouswork in thefield, from SV systemsandvisual programmingto
the stateof theartin commerciakystems.Thetaxonomief SV [79, 84] andvisual program-
ming [71] provide importantreferencepointsfor future work, andhave motivatedmuchof this
work.

Chapte3 describes formalmodelof informationvisualization andhow visualizationcanbe
specifiedn Prolog. Thisis thetheorythatunderliegherestof thework. Chapted describes©iov
themodelandspecificatiortechniqueslescribedn Chapter3 canbeimplementedn practice A
genericvisualizationtool, Semantid/isualizationTool, is developedthatcanbeusedto visualize
ary kind of data,includingthe structuredandrelationaldatain computersoftware.

Chapter5 described/max, atool for softwarevisualization thatis the main productof this
work. Chapter6 presentsheresultsandevaluationof this work anddiscussesvhereVmax fits
in to thetaxonomieof SV. Theconclusionsarein Chapter7.

Theappendicesontaindocumentatiofior SVT andVmax, andfurtherexamplego illustrate
the specificatiortechniques.



Chapter 2

Previous Work

Although computerprogrammingis traditionally a textual discipline, the use of
graphicalillustrationsof software hasalwaysplayeda usefulrole in software de-
velopmentandwriting computerprograms.lllustrationsareusedto plananddoc-
umentsoftware, althoughthe ideaof usingillustrationsto createprograms(visual
programminghasbeenaroundfor alongtime [99], aswell asautomateditilities to
documentandbrowsefinishedsoftware. Visual techniqguesarenow commonplace
in softwaredevelopmentparticularlyin thedesignandgeneratiorof userinterfaces,
the constructiorof skeletonapplicationsandthe navigationof sourcecode.

This surney describesheissuesandareasf researctwithin softwarevisualization,
anumberof systems bothcommerciabndresearch thatusesoftwarevisualization
techniquesand a numberof taxonomiesfor describingand comparingsoftware
visualizationsystems.The surney concludeswith researchproblemsthat needto
be solved for softwarevisualizationto deliver realdemonstrablgainsto software
developers.

2.1 Basic Definitions

Thereis no universalconsensus theliteraturefor the definitionsof broadtermssuchasvisual
visualization visual programming softwae visualization program visualizationandalgorithm
animation Althoughthe conceptdhemselesarefairly clear differentsourceglaceemphasis
ondifferentconceptsn forming their definitions.

The ConciseOxford Dictionary[100] definesvisualas“of, concernedwith, or usedin, see-
ing,” andvisualizeas“make visible,esptothemind (thingnotvisibleto theeye); makevisibleto
theeye” Priceetal. [79] preferthe definition“the power or procesf forming a mentalpicture
or vision of somethingnot actuallypresenin sight” from the Oxford EnglishDictionary [92],
with the emphasighat visualizationis a mentalprocessatherthanjust the taskof vision, and
canthereforeincludeall of the sensesThis contrastawith the definitiongivenby McCormicket
al. [66] as“the studyof mechanismén computersandin humanswhich allow themin corvert
to perceve,use,andcommunicatevisualinformation; with theemphasislearlyontheprocess
of communication.Thesedefinitionsarenot mutually exclusive becauserisual communication
precedeshe cognitive model. In thistext, visualis takento mean‘visible”, andvisualizationto
mean“conversionto visible form,” eventhoughthis excludesthe othersensesln the context of
computersyisual means'visible on a computerdisplay’ andvisualizationis “communicating
datawith graphics. This specificallyincludesall graphicalforms, aswell astext, which is of
coursevisible. Thesedefinitionsare more straightforvard thanthoseofferedby Priceet al. or
McCormicketal.

Myers[71] definesvisual programming(VP) as“any systemthatallows the userto specify
aprogramin a two-(or more)-dimensiondlashion; andspecificallyexcludestextual languages
(which he considergo be one-dimensionalpicturedefinitionlanguagesnddraving packages.

17
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Priceet al. defineVP as“the useof visual techniquego specifya programin the first place’
Prices definitionis betterbecauseextual languagesrevisualandhave atwo-dimensionaten-
dering— Myers confuseghedisplaywith theinternalrepresentationf thetextual language.

Myersdistinguisheprogramvisualization(PV) from VP as“the program[being] specifiedn
acornventional textual mannerandthegraphicss usedto illustratesomeaspecbf the program
or its run-timeexecution” Priceetal. preferthetermsoftwae visualization(SV) to encompass
algorithm animation (animatingthe operationsof an algorithm), code visualization(a visual
form of theprogramcode)anddatavisualization(avisualform of theprogramdata)anddefines
it to be“the useof thecraftsof typographygraphicdesign,animationandcinematographyvith
modernhuman-computeinteractiontechnologyto facilitateboth the humanunderstandingnd
effective useof computersoftware’

Software Visualization

Program Visualization

Data Animation

Algorithm Visualization

Static Algorithm Visualization

Visualization Visualization

Code Animation

Algorithm Animation

Figure 2.1. VennDiagramshawing relationshipdbetweerthe variousfields of softwarevisual-
ization(reproducedrom [79]).

Myers excludesVP from PV while Priceetal. includeit. Priceetal. classifythe SV fields
and nomenclatureccordingto Figure2.1, althoughthey concedehattheir classificationis an
oversimplificationbecausehesefieldsarestronglyinterrelated.

SometimegproductssuchasDelphior VisualBasicareregardedas VP, becauseisualtech-
niguesarebeingusedto createsoftware.But thesearenot VP systemdbecauseextual program-
ming is still necessary navigationandthe designof the userinterfacess visual, but thatis not
consideredo beprogramming.

The above fields all usevisual languages which Myers definesas “all systemsthat [use]
graphicsijncludingVVP andPV systems, andvisual programminglanguages(VPLs) arevisual
languagesisedfor programming.Thedefinitionsgivenby Myers[71] areprobablythedefacto
standardbut areby no meandefinitive.

2.2 Benefits of Software Visualization

Visualrepresentationseek,if notalwayssuccessfullyto assistsoftwaredevelopment.By pro-
viding representationsf softwarethatarein someway superiorto text, programmerganunder
standcomple softwaresystemsnoreeasily thusdecreasinglevelopmentanddehuggingeffort
andimproving documentatiorandcodereuse. Given that softwareis a trillion dollar industry
evensmallgainsshouldbe consideredmportant.

Therearemary claimsof the benefitsof the visual environmentsfor software development
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and programming. Blackwell [10] looks at the benefitscomputerscientistsperceve of visual
programmingwhich alsoapply to software visualization. He analyzegheseclaimsin detail,
andfindsa generakconsensuamongcomputerscientistsalthoughsomeclaimsareindeedcon-
troversialor counterempiricalevidence.

Blackwell found that while few of theseclaimscould be absolute mosthada logical basis
or somesupportingevidence,but the claimsof superlatvism, of beingnaturalandintuitive, of
utilizing morefully humancognitive resourcesandof increasednformationcontentwereun-
sound.Howevertherearestill mary potentialadwantage®f usingimageryover text, including
increasegroductvity, concretizingabstractonceptsprogramstructurebeingmoreeasilycon-
veyed pictorially, assistinghe programmers mentalmodelof software,andresemblanceéo the
realworld thusutilizing our instinctive manipulatie skills [90].

Thereis somenotableoppositionto visuallanguageswhich is reasonablén the absencef
much empirical evidencesupportingvisual programming. Brooks[13] statesthat“A favorite
subjectfor Ph.D. dissertationsn software engineerings graphical,or visual, programming-
the applicationof computergraphicsto software design. Nothing even corvincing, muchless
exciting, hasyet emegedfrom suchefforts. | am persuadedhat nothingwill.” This argument
shouldnotbetakentoo seriouslybecausé waswritten beforewindowing systemsheonly con-
sidersflow charttechniquesandconfusesuperimposesiews with multiple views. Brooksalso
claimsthatlimited size of displayrendersvisual programsunscalablealthoughthis argument
collapsesvhenoneconsideranultiple views. Scalingis indeeda problemin visuallanguages
[17], but the problemhasbeenovercomein textual languages.O’Brien [73] states'...beware
the claimsof visualprogramming.Drawing lines betweerobjectsbecomeafilingly web-like.
Purelyvisual programmings not yet and may never be viable? This argumentis alsoflawed
becausestructurednetworks (suchasthoseusedin LabVIEW [104] or ProGraph[19, 77)) is
just onevisualrepresentationf code. The empiricalevidencesupportingvisual programming
languagess discussedt lengthby Whitley [107].

Theseargumentsaredirectedat the practicalitiesof VP wherethetext in thesystemhasbeen
replacecentirelyby diagramsratherthanat SV. Visualprogramminchasmary weaknessethat
needto be overcome,including lack of scalability[17], that visual representationare not as
compactastextual ones[71], awkwardnesgo edit in visual notation,whentext andkeyboards
canbefaster{36], or thatpurelyvisual programmingsystemsareno betterthantraditionalones
for large projects.Theemphasi®f currentresearcthis to tackletheseproblems.

In fact Brooks[14] is entirely in favour of using diagramsto assistsoftware development,
andhas“enthusiasnfor usingdiagramsasthoughtanddesignaids’ Brooksalsoconcedeghat
multiple diagramsarerequiredfor differentaspect®f software,andthatsomeaspectaremore
suitablefor visualizationthanothers.It is theawvkwardnes®f visualrepresentatioatthe lowest
level (code)thatseemdo beimpedingvisualprogramming Remaring text entirelymayindeed
not be desirableor practical,but visual supportfor softwaredevelopmenthasprovedto bevery
useful.

2.3 Taxonomies of Software Visualization

Themostcomprehensietaxonomyof SV is providedby Priceetal. [79] Myers'staxonomy{71]
precede®rice’s,andofferstaxonomiegor VP aswell asPV. RomanandCox[84] offerasimpler
and lesscomprehensie taxonomyof PV. Taxonomiessene to classify quantify and describe
typesof SV andvisualizationsystemsassistin finding weaknesseandareasof researchand
offer waysof comparingandevaluatingSV systems.

ThetaxonomieslsodiscussandclassifyvariousSV systems Priceet al. classifyandcom-
parein detailtwelve systemsSortingoutSorting[3], Balsa[16], Zeus[15], TANGO [95], ANIM
[8], PascalGenie(from ChariotSoftwareGroup),UWPI [42], SEE[4], TPM [12], Pavane[86],
LogoMedia[25] andCenterLineObjectCentef93]. Priceetal. thenconstructataxonomybased
uponatreestructurewhereeachleafin the taxonomyoffersa differentandorthogonaklassifi-
cationcriterion. Thecompletetaxonomyis shovn in Figure2.2.

Priceet al. justify their first level classificationby a generalizednodel of the software vi-
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Figure2.2. Priceetal.’staxonomyof softwarevisualization.
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sualizationprocess.Scoperelatesto the sourceprogramandthe input domainof the software
visualizer Contentdescribeghe particularaspectof the softwarethatis visualized. Form de-
scribegheoutputof the system Methoddescribehow theimplementationis specifiedandhow
the SV systemworks. Interactiondescribediow the usercaninteractwith the view or the SV
systemto control, navigate, or modify the visualization. Effectivenes®ffers evaluationcrite-
ria for SV systems.By makingtheir taxonomytreestructuredthey allow their taxonomyto be
extendedasthefield evolves.

RomanandCox offer arelatedtaxonomyshavn in Figure2.3.

Data State

Scope

Control State

Structural Represenatioﬁ

Annotation

Abstraction

Specification

Declaration

Manipulation

Program Visualization
Simple Objects

Composite Object

Visual Events ]

IS

Graphical Vocabulary

Interface

Multiple Worlds

Through Controls,
Interaction
Through the Ima
Interpretation of graphics

Analytical Presentation

Presentation

Explanatory Presentatioy

Orchestration

Figure 2.3. RomanandCox’s taxonomyof programvisualization.

Romanand Cox’s “Scope” cateyory containsPrice’s “Scope”and“Content” cateyories. By
“Abstraction”,Romanand Cox meanthe degreeto which the codehasbeentransformed.This
overlapsPrices “Content” and“Form” categories. Romanand Cox’s “Specification” cateory
is containedwithin Prices “Method” category. RomanandCox’s “Interface”category describes
bothrenderingandinteraction,so containsPrice’s “Form” and“Interaction” catgyories.Roman
and Cox’s “Presentation’tategyory denoteshe semanticof the visualization,andis contained
within Prices “Form” categyory. Romanand Cox’s taxonomyis awkward herebecausét sep-
arates'Graphicalvocahulary” and“Presentatiori. Romanand Cox do not consider‘Effective-
ness”"andpurposen their taxonomywhenthisis surelyoneof the mostimportantfactsabouta
SV system.

Myers[71] offersthreedifferenttaxonomiesfor programmingsystemsprogramvisualiza-
tion systemsandlanguagespecificationtechnique. He classifiesprogrammingsystemsausing
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threeorthogonalcriteria, giving eight cateyories. The criteria are: visual vs. textual program-
ming, examplebasedvs. not examplebased andinterpretedvs. compiled. The taxonomyfor
PV systemausesa 2x3 grid, with staticvs. dynamicon one axis, and codevisualization,data
visualizationand algorithmvisualizationon the other A programmingsystemmay belongto
morethanonecateyory. Thetaxonomyby specificatiortechniqudists 14 differentmethodsof
languagespecificationand examplesof visual languagedelongingto eachcateyory. Myers’
taxonomiesareforerunnergo Priceetal.’s, whichis far morecomprehensie andmoreapplica-
bleto SV.

2.4 Software Visualization Systems

A rangeof SV systemsare presentedn this section. Unfortunatelya comprehensie suney
is beyond the scopeof this work. Thereare hundredsof programmingsystemsusing visual
techniqueswhich areroughlydividedinto developmentools utilizing visualtechniquesyisual
programmingystemsandsoftwarevisualizationsystems.

2.4.1 Development Tools

Almostevery professionatievelopmentool usesvisualtechniqueso assistapplicationdevelop-
ment. Thesevisualdevelopmentoolsrepresenthestateof theartcommerciallyandoffer “rapid

applicationdevelopment’comparedvith text-only ervironments. Thesetools form a basisfor

moreadwancedSV, andthe visual representations)avigation techniqguesand humancomputer
interactionissuedn thesesystemsaredirectly relevantto SV. BetterSV techniquesrelikely to

beincorporatednto developmentsystemsasthe sophisticatiorof thesetoolsgrows.

A suney in PersonalComputeibrld [76] reviews the leadingvisual developmentools for
the desktopmarket, wheretheleadingplatformis Microsoft Windows 95/NT. The productsun-
derreview are Delphi 2.0, Optima++1.5, Paver Objects,PowverBuilder5.0, VisualAgeBasic,
Visual Basic4.0, Visual C++ 4.2, Visual FoxPro5.0, Java Workshop,Visual J++, Visual Inter-
Dev, Visual Basic5.0, C++ Builder and Visual Cafe. Most offer database&onnectvity, object
orientation,applicationbuilders, visual design,visual navigation and embeddedelp systems.
The programminganguageslava, C++, Pascal,FoxProand Basicare used. Visual aspectof
thesesystemsnclude

e A graphicaluserinterface.

A windowedervironment.

¢ Dialog boxes,tool-barsandpull-down menus.
¢ What-you-see-is-what-you-g@t/YSIWYG) form designers.
o WYSIWYG graphicaluserinterfacedesignmenusgdialogboxesandgraphicakesources).

e Visual browsing of programresourcegincluding graphicalresourcesand programli-
braries).

o Codenavigationusingvisualbrowsersof proceduresindclasses.
e CodenavigationbetweercodeandGUI events.
¢ Visualmodificationof the propertiesof sometypesof programobjectandresources.

¢ Dialogboxbasedskeletoncodecreationfor componentsindapplications.
Thereareonly threevisualnotationsusedeachsupportingnteraction:

e Direct representatiorfof graphicalresourcesforms, menus,dialog boxes and source
code).
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¢ Nestedist representatiofor hierarchicabtructuregsuchasprocedures;lassesmethods,
helpandgraphicalresources).

e Tableor dialogbox representatiofor programobjectproperties.

Herewe seea succes®f visual languagesn designingspatialthings (graphicaluserinter-
faces)spatially Theseproductsdo not however provide visual supportfor the programming
itself, and merelyinsertcodetemplatesvhich the programmersieedto flesh out themseles.
While clearly useful,thereareonly a very limited numberof applicationviews, usingonly the
nestedist notationandareusedjust for codenavigation. But eventhesetechniqueoffer greater
easein building large high quality applications. Figure 2.4 shavs a screenshotof Microsoft
VisualBasic.

£ Microsoft Visual Basic - Project

Fie EdE Wiew [nsert Format Debug Run Tools wWindow Help

G = R e S AR e -

- ThisD t m—
IIJoc j |0 en ”E |
P @ Normal

Private Sub Document C £ Project (Document1]

-~ Tt

— BRI}
'} rocument Requester 9 =]

Document Requester

= Y ) Y —T

Figure 2.4. Microsoft Visual Basic5.0, shaving dialog box designandthe projectnavigation
tree.

Genitor

Genitor(from GenitorCorpl) goesfurtherthanordinarydevelopmentervironmentsbecauset

offersasuiteof toolsfor automatimnavigation,projectmanagemeranddocumentationlts class
editor, shavn in Figure 2.5, providesa navigationtreethatvisualizesthe methodstructureand
canbemanipulatedvia menusanddraganddrop)to changehe programobjects.

While Genitorhasaccesdo a greatdeal of dataaboutthe program,its graphicaloutputis
very limited. A navigationtreeshows only the structureof thefile, andotherinterrelationships
arenotillustrated,but accessethroughnavigation. Its views arehardcodedusingjust lists and
anestedist view.

Source Code Analyzers

SourceNavigator (from CygnusSoftware?) is a developmenttool for C++, Java and COBOL
thatprovidestreeandgraphviews of the system.It shaws the classhierarchy crossreferences
betweerclassessymbolsusedin the sourcecodein atree,anda graphof headefile inclusion.
It canmanageprojectsin excessof 100000linesof sourcecode.

CC Rider (from WesternWares) usesa sourcecodeanalyzerto view the structureof C++
programslt canshow classhierarchiesclassancestriefunctioncall trees classnesting header
file inclusion,symbolsand programstatistics.It canbe usedto navigateto partsof the source
code,andprovide detailedinformationaboutprogramobjects.

1URL: http://wwwgenitorcom
2URL: http://wwweygnus.com
3URL: http://wwwwesternares.com
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Figure 2.5. Genitor’s classeditor.

SNiFF+ (from Take Five Software’) hassourcecodeanalyzersfor C, C++, Java, Fortran,
Assembler Python, Tcl, Perl and Bash. It provides projectand documentatioomanagement,
views of classhierarchiesgclassbrowsing andinclude browsing, and sourcecode navigation.
Projectsin excessof amillion linesof codecanbeanalyzed.

In thesesystemsthe views arefixed, the informationthey provide is limited, their output
vocahulary is limited, andthey have no supportfor run-timeinformation. However they offer a
greatimprovementover text-only programming.

Tau

Tau[70] is a collectionof toolsto navigateandprofile C++ sourcecode,andincorporatexlass
browsinganddisplaysdetailedrun-timeprofile informationvisually. Views include

e File andclassdisplay This provideslist boxesto browse methodsandclassesn source
code.

o Call graphextendeddisplay Shavsthe callsmadebetweerfunctionsasagraph.
¢ Classhierarchybrowser Shavstheclasshierarchyandawindow lists classmembers.
e Routineanddataaccesgprofile display Displaysrun-timeusageof data.

e Speedumndparallelexecutionextrapolationdisplay Showvs graphsof the performancef
parallelC++.

Tau's visualizationis too limited to classifyit asa SV system.Tauis implementednanually
- thereis no easyway of extendingthe views or the system,andits outputform is limited to
numericalgraphsanda classhierarchy

4URL: http://wwwtakefive.com
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2.4.2 Visual Programming Systems

Visual programmingsystemsconsistof a visual editor to constructvisual programsn a visual
programminganguageanda meanof executingthevisualprogramsin Priceetal.’sdefinition
[79], SV encompasses¥P because/P is a specializationof SV that allows interactive mod-
ification of the program. VP systemausemary visual programminganguagegVPLSs), visual
representationsf software,andtechniqueso interactwith visualizationgo modify theprogram.

Visualprogrammindanguage$iave existedsince1966[99], andtherearenow hundredsof
VPLsin existence VPLs arebecomingasprolific astextual languagesalthoughthereis notthe
sameool support(suchasLex andYacc[2]) for visualprogramming36] makingit considerably
moredifficult to implementvisual programmindanguageshana textual ones[71], andonly a
smallnumberare commerciallyviable. VPLs that have had particularcommercialimportance
includeLabVIEW [104], ProGrapH19, 77], VisualAge(from IBM), Visual AppBuilder (from
Novell), AVS (from AdvancedVisual Systemsand AppWare (from Novell). Visuallanguages
aremoresuccessfuasenduserlanguagesor specificapplicationghanasgeneralpurposepro-
grammingtools.

EO0= 3 2:2 Quicksort ==

]

5] [

Figure 2.6. The quicksortalgorithmwrittenin ProGraph.

ProGraphoriginally describedy Pietryavski [77], is oneof themostsuccessfuandwidely
usedVPLs. Figure2.6 shavs anexampleof a ProGraptprogram.

It is plausibleto suggesthatvisuallanguagesnight oneday supersedéhe textual program-
ming paradigm At presenpracticalissuesuchasscalability[17] andtools[36, 65, 71] needto
be solvedto make visual programmingaviable alternatve to textual programming.

2.4.3 Code Visualization Systems

Codevisualizationprovides graphicalinformation aboutthe sourcecodeof a program. It in-
cludeshigh level overviews, programstructure and sourcecodeitself. It is differentto visual
programmingn thatcodevisualizationsystemalo not necessarilynodify graphicalrepresenta-
tionsof code.

SEE

SEE[4] is a sourcecodepretty printer that goesmuch further than syntaxcolouring. Syntax
colouringis oftenusedin text editorswhich identify the lexemespresenin the sourcetext and
colourthemaccordingo theirtype(for exampleresenedwordsor comments)Syntaxcolouring
givesdemonstrabldenefitsto programmersresultingin fewer syntaxandtyping errors,and
fastercomprehensionf the sourcecode[4].

SEE corvertssourcecodeinto the style of a technicalmanualfor automaticdocumentation.
Type-facesbold anditalic emphasisfont sizeandshadingare usedto displaythe sourcetext,
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with oneprocedureper page,andprocedureparameterslearlylaid outin atable. Crossrefer
encedo otherproceduresiregeneratec@utomatically Thereareothersourceformattingutilities
available,includingvgrind (in BSD Unix) andWEB (partof the TpX typesettingsystem).

SEEis very limited in its output- its outputformatis fixed, andit doesnot make extensve
useof graphics.

SeeSoft and SeeSys

SeeSoff29] by AT&T Bell Labsis a SV systemthat producedine-orientedsoftware statistics
of the sourcecodein a softwareproject. Eachline of sourcecodeis representetly a singlehor-

izontalbar, containedn a vertical bar representingachsourcefile. Modification statisticsare
compiledfor eachline of sourcecode which arethendisplayedusinga colouredscale(continu-
ousor discreteshaving updaterequeng, or time of lastupdate Filescanbegroupedaccording
to function,andFigure2.7(a)shavs the screerayout.

136041 272082 408123 544164

(a) SeeSoft. (b) SeeSys.

Figure2.7.Line orientedsoftwarestatistics.

Thedisplayis interactve, allowing usersto dragsmallwindows over eachsourcefile to dis-
play actualsourcecode,andchangethe colourscale.This visualizationtechniques sometimes
referredto asa mural [49], wherealong displayis compresseth onedimensionsothatit may
be containedwithin the screenanda superimposedliderthenmagnifiesthe region of interest.
Muralsobey Shneidermars“visual informationseekingmantra:overview first, zoomandfilter,
thendetails-on-demant[91]

Baker and Eick [5] attemptto solve the problemof screensize and scalability by develop-
ing a systemcalled SeeSydo visualizesoftwaresystemaisingline-orientedsoftwarestatistics.
Insteadof usingfixed width barswith lengthsproportionalto the numberof lines of code,the
screens dividedinto rectangularegionsasshown in Figure2.7(b)with rectangleareagpropor
tional to thelines of code. The systemcanvisualizefiles, directoriesandsubsystemsndthere
is azoomfacility to zoomin on ary subsystemAdditional informationis presentedo the user
asthemousemaovesover thevisualization.

The outputof SeeSoftand SeeSyss inflexible, so that the outputdataandformatit fixed.
Thereis alsoonly onetype of information available: the modificationhistory of eachline of
sourcecode,andthe sizeandmaodificationhistory of eachsourcefile. Neverthelesshey provide
ausefulbrowsingandoverview facility.

Graph Visualiz er 3D

GraphVisualizer3D (GV3D) [32, 105 is atool to createthree-dimensionalisualizationsof
networks, andin particularof computersoftware and object-orienteccode. Figure 2.8 shavs
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visualizationsit can produce. By itself, GV3D is just a graphicaloutputlibrary that can be
interfacedto analysigools.

H
Yy
' ‘ < ‘a
‘M::*—-,, 1
3 o - !
(a) Calls. (b) Classhierarchy (c) Modules.

Figure 2.8. Rendering®f almost6 million linesof codeby GraphVisualizer3D.

2.4.4 Algorithm Animation Systems

Algorithm animatiorsystemsllustratetheprinciplesof analgorithmby illustratingits operations
onadatastructure Sometimesheanimationglon't relateto arealprogramatall, but aresimply

animationscripts. Of specialinterestis how the underlyingprogramis connectedo the output

graphics,which if often no more complicatedthan embeddectalls to a specializedgraphics
library.

Tango and Polka

Tango[95] is analgorithmanimationsystenby J. Staslo atthe Geogia Instituteof Technology
that cancreatesmoothanimationsusingsmoothpathtransitionsbetweenexecutionsteps. An-

imationsare designedisingtrajectoriesand changesn size, colour andvisibility. The source
codeis annotatedo generateabstracidataevents,and underexecutionthe dataeventsmapto

animationeventsto generatehe animation. Animation calls andvisualizationsetuparewritten

in C andinsertedinto the sourceprogram. Thereare usercontrolsto pause control speedand
panthedisplay andthe visualizationsare 2 andZ% dimensionalanimatedn realtime. Figure
2.9(a)shavs XTango- Tangofor X-Windows thatvisualizesanimationscriptsgeneratedrom a

runningprogram.

(a)Bin packingin (b) Minimum spanningsubtrean Polka. (c) Quicksort in
XTango. Polka-3D.

Figure 2.9. Visualizationgproducedoy Tangoandits derivatives.

Tangohasnow beensupersedethy Polka[96], which is well suitedfor colourful smooth
animationsof parallelprograms. Animation callsaremadefrom arunningalgorithmthatcall a
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C++library to effectanimationeventsin adisplay Objectsarecreated¢hatcanbemovedaround
thescene Sambads afront endto Polkathatacceptanimationdirectivesfrom atext file. Polka
support2-D and2--D visualizationsshavn in Figure2.9(b), but Polka-3Dproducedull 3-D
visualizationsshovn in (c).

Severalvisualizationsystemshave beenbuilt uponPolka,includingPARADE [97] to visual-
ize parallelanddistributedsystemsConch\iz to visualizethe executionof clusterandmessage-
passingervironments. PVaniM visualizesand animatesdatafrom a Parallel Virtual Machine,
which sendscommunicatioranduserevent statisticsbackto a monitorfor visualization. There
areothervisualizerdor parallelprocessesncluding XPVM, Xab, PVMTraceandPablo[57].

The maindrawbackwith Polkais thatit offerslittle morethanananimationlibrary in C++.
Becausedhe animatormustmanuallywrite all of the animationcalls, it is very time consuming
to createanimationsn Polka.A degreeof expertiseis requiredto learnthelibrary.

Balsa and Zeus

Zeus[15] by DEC SRCis written in Modula-3,andis baseduponanalgorithmanimationsys-
tem calledBalsa[16]. Balsaitself wasusedasa teachingaid for algorithmsusing algorithm
animation,andprovideda windowedgraphicaldisplay panning,zoomingandallowed usersto
view the executionof severalalgorithmsrunningsimultaneouslyandcanprovide synchronized
multiple views of the samealgorithm. Theuseris ableto setthe graphicaldisplayof dataitems,
andasourcewindow with pretty-printedext is alsoavailable.Balsaworksby insertinginterest-
ing eventpointsinto thesourcecode(alsoknown asannotatingthesourcecode) which generate
visualizationscriptsthatcanbereplayed.

@ (b) ©

Figure 2.10. Outputfrom the Zeusalgorithmanimationsystem.

Zeussupportssynchronizednultiple configurableviews. Zeuscanrunin a multi-threaded,
multi-processoernvironment,makingit suitablefor visualizingparallelprogramssomesound
extensionshave beenincorporatednto Zeus,and Zeusnow supports3-D. Figure 2.10 shavs
Zeusin operation.

ZeususedModula-3sclasshierarchyto defineviews of analgorithm.Eachrunningalgorithm
generateanimationevents,which call the animationlibrary to provide outputto the user The
effort of settingup new animationds high becauséhe algorithmmustbe implementedwithin
the Zeusframework, andhencedoesnot correspondo real-world programs.The programmer
mustmanuallyinsertcallsto BalsaandZeusto performtheanimationactions requiringa priori
detailedknowledgeof thealgorithm.

Pavane

Pavane[84, 86] is avisualizationsystemthatis capableof visualizingthe run-timebehaiour of
parallelandmassiely parallelarchitecturesParallel, distributedand concurrenexecutionis a
very commonsubjectof visualizationbecause&oncurrenexecutionis sodifficult to understand.
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The implementatiorconsistsof five modulesthat can be distributed acrossa network, pro-
viding a parsetto anintermediatdanguagea run-timeexecutionmonitor, visualizationutilities,
arendereranda viewer. This architectureallows remoteanddistributedvisualization. Visual-
izationsin Pavanearespecifiedin a declaratve style[85], wherea mappingis definedbetween
thedataspaceandobjectsin thevisual space.This givesa powerful degreeof abstractiorof the
visualizationfrom thedata.Smoothanimationcanalsobedefined.lts outputis shavn in Figure
2.11.

Figure 2.11.An animationof sortingby Pavane.

Pavanevisualizationsare very complicatedto setup. Thetargetprogramin C is manually
annotatedvy insertinga numberof calls that initialize Pavane and declarethe datato watch
(via the VisualMonitor() function). Event pointsare insertedinto the sourcecodeby calling
VisualUpdate()which tells Pavaneto updatethe visualizationwith the new state.

A file containingvisualizationrules declarehow to producethe visualization.Only numer
ical valuesandarrayscanbe passedo theserules. Eachrule declaresobjectsin the sceneand
their screencoordinatesiependon the valuesobtainedfrom the C state. Expressionsnapthe
input datato coordinatesn the scene.The syntaxof thesevisualizationrulesis very complex.
Oncethe systemhasbeensetup, quite powerful visualizationsarepossible.

Themainproblemwith Pavaneis themanualeffort andcompleity in definingnew visualiza-
tions. Its specificatiodanguageés very cumbersomandlow level.

Leonar do

Leonardo[20] is an algorithm animationsystemthat providesa logic programminglanguage
calledAlphato definegraphicsorrespondingp dataof aprogramexecutingin avirtual machine.
Leonardaclaimsto bemucheasietto usethanPavane[85], andits virtual machinecanbestepped
forwardsaswell asbackwards.An outputfrom Leonardads shovn in Figure2.12.

Declarationsn Alphaareembeddedh the objectprogramwithin /** and**/, for example

int  g[MAX_NODES][MAX_NODES];

/**
Graph(Out  1);
Node(Out N, 1) For InRange(N, 0, gNumNodes-1);
Arc(X,Y,1) If g[X][Y]==1;

**/

Alphadeclarationgresimply logical predicateslt is similarto Prolog,but hasa muchmore
awkward syntaxandhasto defineparametersiseitherinputsor outputs,andlacksunification
andcompounderms.Variablescanonly beintegertypes.Expressiongrom thetargetlanguage
canbeembeddednto Alphadirectly. Whene&eranAlpha predicatds called,expressionsn the
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Figure 2.12. TheLeonardcanimationsystem.

targetlanguageareevaluatedaccordinghethe currentstateof thethevirtual machine Thusthe
view is alwayssynchronizedvith thevirtual machine.

Graphicalcomponentsn the sceneare declareddirectly as predicatesso for examplethe
Arc/3 predicatedeclareshe presenceof arcsin the scene. This approachhasbeenproposed
asa generalpurposdogic-basedrameawvork for visualization[23, 24]. Component®f a scene
in Alpha are “pulled” from the predicatesdy queryingthem. The predicatesspecify screen
coordinateglirectly.

Thealternatve “push” style of imperatve languagess

void draw() {
Window(_W);
for(int ReclD=0; RecID < num; ReclID++)
Rectangle(_W, ReclD, 10+RecIlD*20, 10, 15, a[ReclD]),
RectangleColor(_W, ReclD, a[RecID]<50 ? DARKGREY: LIGHTGREY);
Line(W, _L, 5, 10, 10+num*20, 10);
}

Thesamefunctionalityin Alphais specifiedn [23] as

/**
Window(Out _W);
Rectangle( W, Out RecID, Out X, Out Y, Out L, Out H)
For ReclD:InRange(RecID,0,num-1)
Assign  X=10+ReclD*20  Y=10
L=15 H=a[RecID];
RectangleColor(_W, ReclD, Out DARKGREY)
If a[RecID]<50;
Line( W, Out _L,
Out 5, Out 10, Out 10+num*20, Out 10);

**/

As canbe seenthe Alpha programis actuallylongerand more obscurethanthe imperatve
languagelin theabove example the drav() functioncouldbecalledautomaticallyeverytimethe
datastatechangesNevertheles@sa graphicdanguageAlphais very expressie, andprovides
abstractiorbetweernthe dataandthe view. Alphais still low level becausehereis alow degree
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of abstractiorbetweerthe outputof AlphaandthegraphicsonthescreenTheAlphascriptmust
bereprogrammedb changethe output.

Eliot

Eliot [61] extendsPolka[96] to make it automaticdo use.Algorithmswrittenin C arecompiled
in C++ to overloadthe C operatordo invoke visualizationevents. For example,eachtype of
programobjectsuchasanarrayor integer, is createdasan Eliot class,andary attemptto make
assignmentso the datacalls the overloadedoperatorwhich updateghe display The usercan
choosethe graphicalrepresentatiomf the run time datafrom a menu, and display different
outputsin differentwindows.

Eliot is muchsimplerto usethanary of the othersystemsn this sectionbecauset is com-
pletely automaticandthe users interventionwith the sourcecodeis minimal. It alsohasmuch
greatempotentialfor intelligence,andcanbe usedin conjunctionwith the standardPolkacalls.
UnfortunatelyEliot still requiressomemodificationof the sourcecode,andits outputis not as
flexible asanimationsystemghat programtheir animationexplicitly. Eliot canonly visualize
integers,reals,charactersarraysand binary trees. Visualizing other structureswvould require
specialimplementationEliot canonly shav the currentdatastate.

2.4.5 Run-time Visualization Systems

Run-timevisualizationdisplayswhatis happeningn aprogramasit is running. Thiscanmonitor
code(includingprogramstatementshreadsr objectusage)anddata.Datavisualizationdiffers
from algorithmanimationin its purposeand degreeof abstraction.Datavisualizationreveals
realdatain runningsystemdor analysiswhile algorithmanimationis mainly usedfor teaching.
Algorithmsandalgorithmanimationaremoreabstractedrom theunderlyingprogram.

The Univer sity of Washington Program lllustrator

The University of WashingtonProgramillustrator (UWPI) [42] offers a sourcelevel run-time
deluggerof Pascalprogramgallowing singleinstructionstepsin the sourcecode)thatprovides
anautomaticvisualizationof the datain the program.A layoutstrategist writtenin Lisp applies
Al techniqueso determinghebestwayto rendertheprogramdata,anddisplaysthecurrentdata
stategraphicallyin awindow.

Accordingto Priceetal. [79], “UWPI is the bestexampleto dateof automaticSV with ary
kind of intelligence’. But UWPI canonly illustratesmallprogramsnvolving sortingandgraphs,
andonly possessegshallov understandingf numericalprogramdata.

GROOVE

GROOVE [89], from the Geogia Institute of Technologyillustratesthe run-timebehaiour of
object-orientedsystemausing animation,so that programmersan betterunderstandhe class
hierarchyandrelationshipsFigure2.13shavs GROOVE.

GROOVE animationsarecreatedy manuallycreatingvisual objectsin thescengrom func-
tion calls. Thereforewhile GROOVE is flexible in its output,thereis a degreeof effort to create
visualizationsandthe systemis only suitablefor smallprograms.

Look!

Look! (from Objective SoftwareTechnology) is acommerciaproductthatallows visualdisplay
of therun-timebehaiour of C++ systemslt is claimedthatthis allows programmers$o under
standthe systemmuchmorequickly, find bugsmuchfaster reduceredundantbjectbehaiour,
andimprove the overall codequality. Programmerganview referencedetweenclassesthe

SURL: http://wwwobjectiresoft.com
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Figure 2.13. Screen-shatf GROOVE shawving anobject-orientedlesign.

classhierarchyobjectcreationanddeletioneventsandconcurrenthreads Eachview shovsthe
currentmethodactingon the objects.

Look! views are hard coded,and actually provide just four differentvisualizations: class
references;lasshierarchyobjectcreationandcodeclustering.While the systemis automaticijt
is dedicatedo justtheseviews andcannotbe extendeddy the user Theviews themselesshav
only objectnamesandmethodinvocations.

2.4.6 Architectures
Viz
Viz [26, 27] is aframeavork developedat OpenUniversityin which run-timeSV systemsnaybe

built. Viz usesplayers, which canbeary programobjectsuchasavariable,afunctionor acode
block, to generatéiistoryevents,shavn in Figure2.14(a).

(a) Acquiring andfiltering historydata. (b) Thearchitectureof Viz.

Figure2.14.Viz.

Thesystemarchitecturés shovnin Figure2.14(b),andconsistof historiesyviews (individual
visualizationwindows), mappinggtranslationfrom view informationinto graphicaloutput)and
navigators(to manipulateandmove betweernviews).
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Viz itself providesonly aframework for implementationanddoesnot provide a specification
language.

Vogue

Vogue[51]] is a 3-D visualizationsystemthat hasbeenappliedto parallel/concurrenprogram-
ming, objectorientationand software engineering. Systemsbuilt using Vogueinclude Visu-
alLinda[55], IntegratingVersionControlandModule Managemenf54], FractalViews [52, 56]

andBottom-upProgramVisualization[53].

Vogues primary operationis to extrude an array of 2-D networks into a 3-D image. The
argumentis madethat more information can be fitted onto the screen,andthe evolution of a
systemcanbeviewedin a staticdiagram.However Vogueis anarchitecturghat providesonly
nodesandlinks thatmustbe creatednanuallyin the sourcecode.lts outputcapabilitiesarevery
limited, usingjust colour, shapesandlinesto communicateénformation. Vogueis actuallyjust
an outputlibrary, andis not an end usersystembecausea considerablgorogrammingeffort is
requiredto generatevisualizations.

2.5 Specification

2.5.1 Visual Language Theory

Visual languagetheory [65] exploresformalismsfor structuringthe visual domain,and how

graphicalstructurerelatesto the semanticf visuallanguagesFrom a theoreticalstandpoint,
a visual languages “a setof diagramswhich arevalid ‘sentencesin thatlanguagewherea

diagramis a collectionof ‘symbols’in atwo or threedimensionakpacé. [65] Oneof themain

issuesin visual languagetheoryis definingmembershimf visuallanguages.The main meth-
odsfor specifyingvisual languagesre graphgrammarsattributed multisetgrammars)ogical

formalismsandalgebraidormalisms.

The maindrawbackwith visuallanguagaheoryis thatit dealswith interpretationnot view
generationThisis uselesdor visualization wherethetaskis to generatéhediagramin thefirst
place. Onegrammarthatis generatie is given by Grant[36], wherethe grammardefinesthe
geometridransformationsf objectsthatarecontainedn oneanother

In its broadessenseparsingimagess avision problem.In visuallanguageheory diagrams
areusedwherethe symbolicconstituent®f thediagramareknown. Sucha pre-processingtage
is analogoudo lexical analysis. Parsingdiagramsis more costly thanparsingtext, becausef
theunorderedhatureof the constituent®f adiagram andbecausgeometricconditionsmustbe
tested.

Visual Grammar s

The two maintypesof grammararegraphgrammarsandattributed multisetgrammars.Graph
grammarg81] regardthe view asa setof interconnectedymbols.Graphicalrewrite rulesspec-
ified in thegrammarransformthe graphof theimagestructure.

Attributedmultisetgrammargonsisof rewrite ruleson collectionsof symbolswith attributes.
Oneof the mostgeneralandpowerful typesof attributedmultisetgrammarare Constaint Mul-
tiset Grammas [65]. Geometricconstrainton the attributesaretaggedto the grammarrules.
Suchgrammarscanbe implementedn Prolog, by usingconstraintiogic programming48] to
specifythegeometriaconstraints.

Semantics of Diagrams

Thesemanticef diagramsanbedescribedy logical or algebraidormalisms.As well asusing
logic to reasonaboutgeometry descriptionlogics [28] canbe usedto assignmeaningto the
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structureof the diagram.Descriptionlogics arelesspowerful thanfull first orderlogic, andare
thereforemoretractable.

Algebraicspecificatiof103] mapstheapplicationdomaininto typedabstractatastructures.
An imageis mappednto a datatype,representingonceptor semanticsAlgebraicrulesdefine
afunctionalmappingdetweerthe domains.

2.5.2 Numerical Data

Numericaldatahasparticularsignificancein scientificvisualization,andhasusesin software
visualization. Numerical-onlymethodsareinsufficient for heterogeneougisualizationand vi-
suallanguagesHibbardetal. [43] developa scalarmappingtechniquefor mappingnumerical
datain a programto continuousguantitiesin a display includingtime. A systemcalled VIS-
AD implementsa specificatiolanguagehatdefinesdatastructuregof numbers)andmappings
betweerelementsn the datastructurego graphicaldisplaycoordinatesFor example

map earth_location to xz_plane;
map temperature  to y_axis;

In laterwork by Hibbardetal. [44], alatticemodeldescribesherelationshihbetweerdataand
display They concedehattheir techniqués “inadequatefor complex informationprocessing”
suchasrecursve datastructuresandthey foreseé'considerabléechnicaldifficulties” to manage
suchdata.

2.5.3 Specification Languages for SV

SV systemdall into threecateyories:thosethatarenotextensibleatall, thosewhichareextended
in the native programmindanguageandthosethatprovide their own languagdor specification.
Only Pavane, Leonardo,VIS-AD and Sambafall into the last category. Sambais merely a
sequencef visualizationandanimationdirectives.

Both PavaneandLeonardousea declaratve specificatiorto maplive run-timedatato graph-
ical objects. The dravbackwith both systemsis that they only provide a direct mappingto
graphicalobjectson the screen.Thusthey are both very low level approachesAnotherprob-
lem they have is thatthey lack encapsulatiorfor exampleto definelibrariesof objects,andthe
mappingfrom the datato the graphicss fixed. A changen the mappingcanrequiresignificant
reprogrammingTheimplementation®f PavaneandLeonardoarevery differenthowever.

VIS-AD alsoprovidesa declaratve specificationfor mappingdatato the screenbut is re-
strictedto simplenumericaldatastructures.

In spiteof their limited successdeclaratve specificationanguage®ffer significantadvan-
tagesover imperative programmingmethods20]. For examplethey offer a higherdegreeof
abstractiorbetweernthe dataandthe graphicsthelanguagesrespecializedo thetask,andare
potentiallyeasierto use.

2.6 Information Visualization

The wider field of informationvisualizationlooks at techniquedor expressingall typesof in-

formationin avisualform. Visualizationhasproved an extremelyimportantuseof computers,
wherethe informationthey storeneedsto be output,andoften visualizationcommunicatedn-

formationfar moreeffectively thattextual data.Visualizationhasapplicationdn virtually every
field, including business science finance,managementdatabasesinformation retrieval and
softwareengineering.
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2.6.1 Perception

The study of visualizationexamineswhatinformationto visualize,whatvisual representations
to use(i.e. what visual languagegso use),and how the visualizationis created. The study of
choosingvisualrepresentatiolieslargelyin psychologywhichregardsvisualizationasamental
processandperformsexperimentson humansubjectgo find metricsfor humanresponseand
theeffectivenes®f varioustypesof notation.Creatingthevisualizations essentiallftheproblem
of computergraphicsandincludesrenderinggraphdrawing andspatialconstrainsolving.

Psychologicafactorsarerarelyappliedto SV, mainly becausét of theabsencef techniques
to empirically measurehe effectivenesf SV systemq79]. This doesposeproblemsfor ob-
jective andmeaningfulcomparisorbetweersystemsMuch of the SV literaturecompletelydis-
regardspsychologicafactors,andmerelyregardsvisualizationasa corversionfrom a program
to a graphicalrepresentatiorfor example[84]. Psychologicakxperimentsmustbe performed
undervery controlledconditions,and software visualizationis too large a domainto measure
directly. Theresultis thatpsychologyhassofar offeredfew concretaédeasto SV thatcouldnot
bederivedusingintuition, andindeedvisualizationsandvisuallanguagesan,andgenerallyare,
devisedon anad hocbasisandareonly informally evaluated.

Thereare psychologystudiesthat can contribute to creatingmore effective visualizations.
Rogawitz et al. [82] look at haw we canexploit preattentre perceptionand colour/luminance
mappinggo createvisualizationghat canbe searchednore quickly and corvey continuousor
discreetdatawith greaterveridicality. Perceved brightnesss proportionalto a power of lu-
minance(hencegammacorrection),so whereluminanceis usedto corvey continuousdata,a
correctve power shouldbe applied,and examineotherstimuli for corveying continuousnfor-
mation.Percevedcolourvariesdiscretelywith hue(wavelength) sothis shouldbe exploitedfor
discretedata,but compensatetbr in continuousdata. Experimentsn preattentre vision shav
how we cansubconsciouslpick out certainfeaturesof images(e.g. colouredspots) which can
be exploited whensearchindarge datasetsn constantime, versusa linear searchingime for
attentve (consciousyearchingPreattentie effectscanalsodisrupttheinterpretatiorprocesdy
distractingthe subjectfrom the importantfeatures and shouldbe exploited to attractor direct
attentionto theimportantfeaturef thevisualizationquickly.

Rogawitz and Treinish [83] proposea visualizationsystemthat considersperceptuakules
to devise a visual representatioffior data. They arguethat this is requiredbecausdraditional
visualizersmay introduceunwantedartefactsinto the imagethat obfuscatehe meaningof the
visualization,as describedn [82]. They alsoclaim that visualizationis easierto implement
andproducesetterandmore meaningfulrepresentationshenvisualizationrules (basedupon
perceptionlare usedto generatevisualizationsthanhigh-level tools or direct coding. Current
SV systemausehigh level tools anddirect coding,which produceinflexible visualizationsand
offer little guidanceon the effectivenes®f thevisualization.

2.6.2 Representations

Somesystemausea threedimensionakepresentationThereare advantagesn usingthe third
dimension,including addedrealismand tangibility of programobjects,increasednformation
density andanextra quantitatve axis. Shneidermaf0] arguesthatprogrammershink of their
codeasstructuralandtangible,andthatdirect manipulationof abstracbbjectsin the computer
usinga visual paradigmwould be the easiesandmostnaturalway to interactwith a computer
The 3-D approactaddsreality andtangibility to the programobjects thusconcretizinghe soft-
waremoreeffectively for the programmerHowever thereis evidencethatmakingobjectsmore
realisticmalkesit moredifficult for usergo extracttheinformation(or abstracthesemanticsjhat
thesymbolcornveys[63]. Thereis alsoevidencethat3-D visualizationcancorvey betweeri'1.6
and3.0” timesmoreinformationthananequivalent2-D view, andusersareableto understand
comple relationshipdetterwhenpresentedh 3-D [105].

Lohseetal. [63] derive a classificatiorof variousbasictypesof visualrepresentatiorhy ask-
ing subjectdo sorta setof sixty imagesof afull rangeof visualrepresentation®By performing
statisticateststhey compiledataxonomyto gradeeachof theimagesaccordingo thehighlevel
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propertiesof spatiality temporality comprehensibilitylevel of abstractiongcontinuity, attrac-
tivenesssubdvision, numericallevel, dynamicvs. staticandinformationrich vs. information
poor. It emegedthatthereareelevenmajorclustersof representationgjraphstablesgraphical
tablestime charts networks,structurediagramsprocessliagramsmaps cartogramsiconsand
pictures.Thework offersmary ideasandvisualrepresentationsor combination®f them- that
couldbeappliedto SV, andgivesthe principle characteristicef eachrepresentation.

Tufte [101] detailsmethoddor scientificvisualizationof quantitatve information. He gives
a comprehensie collectionof hundredsof graphicalrepresentationsyith critique. This book
offersarich sourceof ideasandmuchmoreusefulrule-of-thumbapproachefor effective visu-
alizationthanattemptingto rationalizevisualizationon a formal basis. Many visualizationsof
softwarearequantitatve.

Bertin [9] wroteoneof thefirst texts onthe semioticor meaningof graphicakepresentations.
Thisis aninformal treatmenbf diagramsBertin regards‘order, form andproportion”to bethe
building blocksof ary graphicalrepresentationBertin mainly considerssisualizingnumerical
tables. Greenand Beryon [38] regard“entities, attributesandrelationshipsasthe fundamen-
tal component®f informationdisplay anddiscuss againinformally, the relationshipbetween
graphicalproperties(graphical artefact, and the semanticproperties(information artefacts
corveyedby thedisplay

2.6.3 Architectures

The AVE system[34] implementsa flexible mappingfrom datato diagramusinga data-drven
approachwherethe dataitself determinedhow it is to be visualized,and AVE is particularly
applicableto semantimetworks[28] wherethe databaseontainsheterogeneoudata. The data
relationsaremappedntographicakelationsonthescreensuchasinterconnectiomr adjaceny,

by analyzingthestructureof thedata.Queriesselectsubgraphsf thedatabaseyhicharesubject
to structuralanalysis.Graphicalrelationsarethenassignedo the datarelationsusinga ranking
system,andthe diagramis generatedo renderthe datawith the assignedyraphicalstructure.
Figure2.15(a)shavs the graphicalrepresentationis choosedor the variousdatastructuresand
Figure2.15(b)shavstheoverall architecture.

The drawbackwith AVE is thatthe rankingsystemis hard codedandit hasonly a limited
numberof differentlayouttechniquego apply.

2.6.4 Graphical Layout

Graphlayout remainsa difficult areaof computerscience. It is well known that optimizing
graphlayoutsis generallyNP-hard andin particularminimizing edgecrossingss NP-complete
[33], so muchwork hasbeendonein developingheuristicsfor graphdrawing. Graphdrawing
is animportanttool for SV, whererelationaldatamay be presentedn a node-and-linkashion.
Therearemary waysto presengraphs,including usingpolylines, straightlines, asorthogonal
drawings,asrootedtrees asfreetrees,in planarform, in 3-D, ascorvex, asgridded,asdirected,
asundirectedashierarchicaktceteraA comprehensie suney of graphtheoryandmethodss
givenby Battistaetal. [6]

2.7 Research Directions

Both Myers[71] andPriceetal. [79] identify severaldeficienciesn currentsystemghatshould
be addressedh future research.The reasonSV systemsare not more successfullyappliedis
becausef thesedifficulties.

Both Priceetal. andMyerssaythatformal specificatiorof SV andVP systemss limited, and
althoughtheoreticalvork hasbeendonein visuallanguagest hassofarprovedto beimpractical
for SV.

Withoutthefoundationdor specificationandwithoutformal datarepresentatiorit is difficult
to provide specificatiorfor scripting. Scriptingfacilitiesfor SV systemareextremelylow level,
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(a) Mappingdatato graphicalstructure.
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Figure 2.15.The AVE visualizationsystem.

oftenconsistingof in-line C code andthedatarepresentatioandmanagemeris usuallyad hoc
This meanghatit is cumbersomeo addviews to systemsso SV systemgendto have a very
limited numberof views. The lack of views leadsto fixed granularity poor elision control,and
pooror no navigation. Work is thereforeneededo make SV easielto specifyandimplement.

The comparatie difficulty of specificationextendsto layout, interaction(if possibleat all),
andnavigationwhich areall manuallycoded.It makesit moredifficult to changethe graphical
representatiomncethe view hasbeenimplemented. Intelligenceand flexibility are required,
becausea representatiothat is appropriatefor 10 elementss unlikely to be appropriatefor
100000. AVE [34] andRogawitz andTreinish[83] suggestvaysto correctthis. Work is needed
to improve thetailorability andflexibility of SV systems.

It canbeverytime consumingo setup visualizationsaandaddnew views, to the pointwhere
thecostof settingup theview outweighgheinsightgainedfrom thevisualization particularlyif
theinsightis difficult to gainbecaus¢he datais representethappropriatelyStandarcempirical
evaluationmethodsfor SV do not exist becausehe programmingtaskis difficult to quantify.
Henceevidenceof worthis lackingfor mary SV systemsSV systemsnustbe madeeasierand
moreautomatido use.

Scalingup systemgo tackle large applicationsis a problemfor mary systemscausedoy
lack of properdatamanagemertb handlelarge datasetseffectively, poorview granularity poor
elisioncontrol,poorautomationandpoorflexibility in graphicalrepresentationHencemostof
thevisualizationsystemsgresentedhereonly displaysmallquantitiesof data.Work is neededo
managdargedatasetsandcontrolelisionmoreeffectively.

2.8 Conclusions

Software visualizationis an emeging field, andis becomingincreasinglyimportantin under
standingdocumentingdehuggingandconstructingsoftware. The greatsucces®f visualtech-



38 2.8. CONCLUSIONS

niguesin professionabtevelopmentools hasgreatlycut applicationdevelopmentime andim-
proved applicationquality, andis setto continueas moretechniquesnaove from experimental
systemsnto commercialones. As softwarecompleity grows, morepowerful techniquesnust
bedevisedto maintainlarge softwaresystems.

The trendis that software developmentis becomingmore visual, althoughvisual program-
ming languagesrestill inadequateo replacetext entirelyin mostcircumstancesLike visual
programmindanguagessoftwarevisualizationsystemanustdemonstratéheir benefitsbefore
they will gainwidespreadcceptancéNork mustbedoneto find applicableformalismsfor both
visuallanguageandsoftwarevisualizatiorto allow progressSoftwarevisualizationis currently
impededby lack of high level specificationwhich could provide solutionsfor mary problems,
includingview specificationgquantityof views, graphicaimappingflexibility , granularity elision
control,navigation,scalabilityandautomation.



Chapter 3

A Model of Information
Visualization

Softwarevisualizationpresentainiquechallengesecausdhe datapresenteds so
heterogeneowsndthegraphicalutputcanbe sovaried. Whatkind of theorycould
underliesuchan openendedtask? Currenttheoriesof visualizationor visual lan-
guageddo not adequatelymodelthe semanticof graphics,or aretoo limited, so
existing implementationarenotbasedn formal approaches.

The work in this chapterpresentsucha theoreticalmodel that formally models
the relationshipbetweengraphicsandits semanticslt is nameda semantianodel
becauseén this model,the semanticof graphicalviews are always explicit. This
in turn leadsto a decouplingof theinformationcontentin a view, andits graphical
representatiorgndallows arbitraryqueriesto determinghe contentof a view.

An importantaspecbf ary theoryis its applicability, andthe purposeof thistheory
is to provide anextremelyconciseandhigh level specificatiormethod.Thiswill be
usedasthe coreof a visualizationenginethatis describedn Chapter4. Chapters
appliesthesespecificatiortechniqueso softwarevisualization.

3.1 Introduction

Software visualizationis laboriousto implementbecauséhe currenttools are not sufiiciently
automaticandflexible, andlack effective scripting[79]. Computersoftwarecontainsveryrela-
tional, structuredandheterogeneoudata,andvisualizationtools areill-equippedto manipulate
this kind of databecausdheoryon visualizationand hasnot beenfully developedto handle
arbitrarydatastructures.

In this chaptera theory of visualizationis developedthat forms the basisof a genericvi-
sualizationtool that will be usedto visualizesoftware. Foundationsare a necessaryirst step,
andprovide acommonlanguagea framework for implementationandthe capabilityfor formal
reasoning.

While thereare mary automatictools for numericaland scientific visualization,heteroge-
neoudatavisualizationhasprovedto bemuchmoredifficult to modelandspecify[44]. Existing
approacheto heterogeneousatavisualizationrely onlow level programmingusingimperatve
languages.Even declaratve specificationapproachesuchas Pavane[86] and Leonardo[20]
explicitly specifygraphicalpositionsonthescreenanddealonly with numericalquantities.The
benefitsof declaratve or logic specificationanguagesre not fully realizedwhensucha low
level approachs used,andlogic languagesuchasPrologareinferior to imperatie languages
for implementinggeneralgraphicalalgorithmsbecausef their slov speedandlack of efficient
datastructures.

In this chapterthesebasicdeclaratve approacheareimproved. Insteadof directly mapping
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numericaldatato screercoordinatesthe visualizationprocesss furthersubdividedasshown in
Figure3.1.

Flexible mappings

01111010101 sample(9,125) person(harry) line(di,harry)
01010100001 age(harry,15) person(diana) label(harry,15) . . k
10101001100 woman(diana) mother(diana,.. title(Title) — Tite I
11111000000 won(player1) father(charles, Title
Input Data View Visual Graphical Output
Source Content Content Constraints Image

Figure 3.1. A semantianodelof visualization.

Theoutputis generatedrom a setof graphicalconstaints whichincludespatialassociations
suchasadjaceng, containmenbr connectionsattributessuchas colours,and objectssuchas
polygonsandtext. Thisis amuchmorehigh level approacho specificationandis completely
generic.

Deriving the graphicalconstraintfor a view is split into several steps.Thefirst stepis data
gatheringfrom the input shavn in Figure 3.1, to provide a data source in somedatabaseThe
information contentin a view, or view contenf is acquiredby issuinga queryto the database
to constructa setof data. A one-to-onemappingmapsthe information contentto a graphical
representatiorgr visualcontent A third mappingdefineghegraphicalconstraintshatcompose
eachvisual in the visual content. We definea visual to be a setof graphicalconstraintshat
representsomemeaningfulgraphicalnotation.

Therearemary adwantagesvith this approach:

Screencoordinatesio not needto be specified,but are derived automaticallyby layout
algorithms. Previous systemshave only provided direct mappingto the display andare
therefordessflexible in their graphicaloutput.

It is possibleo changeghemappingirom view contentto visualcontentwithoutredefining
theviews. It alsomalesit possibleto provide multiple graphicalrepresentationfor the
samedata.Previoussystemsave only provideda fixedmapping which mustbe editedin
text to changetheview.

Thesemappingscanbe fully formalized,andembeddedn first orderlogic. It is possi-
ble to reasoraboutheterogeneoudatavisualization. Previous systemsdo not basetheir
specificatioron aformal modelof visualization.

Thesemappingsanbe specifiedstraightforvardly in Prolog. This meanghatthereis no
needto devise a new language andis thereforemuch easierto implementandwill run
muchfaster

BecauséPrologis introspectiveit canqueryits own program)anddynamig(it canmodify
itself), thesemappingsanbequeriedandmodifiedby the useratruntime. Othersystems
offer fixedvisualizationbehaiour, andcannotdisplayanautomatidegenddescribinghe
view. The factthatthe mappingbetweenview contentand visual contentis a bijection
permitsthis.

It is possibleto posearbitraryqueriesto a knowledgedatabasePrevious systemgestrict
thisto run-timedata.

Visualsare specifiedindependentlyof the view data,and canbe reused. This is a big
problemfor previoussystemavhich effectively have to startfrom scratcheachtime anew
view is created.

Multiple views canbe definedindependentlyandusedwithin the samesystem.By label-
ing eachview andvisualizationmappingdirectvessuchas“visualize function(Fn)using
coloured.nassishneidermardiagrant canbe issued. Supportfor multiple view defini-
tionsin othersystemss muchmorelimited.
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Arbitrary datastructurescanbe passedhroughthe visualizationpipeline. Previous sys-
temsdealonly with numberswhichis too limited.

It is possibleto interactwith objectsin the view, becausehey areassigneddentifiersof
objectsin the databaselnteractionis alsospecifiedformally. It isn’t possibleto specify
interactionin otherdeclaratve systems.

3.2 Representing Data

Datagatheringis an essentiafirst stepin ary visualizationsystem. Thereforeit is necessary
to formalize the notion of the datafrom which to visualize. Previous approache§23, 44, 86|
restrictthis domainto numbers this domainmustbe extendedto encompasall typesof data.

Theapproachwe shalluseis to regardthis dataasa setof propositionghatcanbe computed
to betrue. Suchanotionhaslittle meaningn animperative languagebut in logic programming
it is thesetof propositionghatcanbe provenfrom theinferencerulesof thelogic program.The
canonicalform of logic programmings the programminganguageProlog, althoughthereare
mary otherlogic programmindanguagesWe shallrestrictoursehesto the corelanguage.

Using Prolog has several advantagedor datarepresentation.First of all it is a very high
level languagedor expressingrelationshipsandinferenceshetweendata,and can expresshigh
level rules very naturally Prologis a good meta-languageso it is suitablefor representing
andreasoningaboutcomputedanguagesvhich are entirely rule-based.The work describedn
Chaptel5 shavsthatall aspect®f computelanguagesanbe modeledn Prolog.

A Prologprogramconstitutesa setof logical inferencesn first orderlogic.® In otherwords
Prologis itselfaformalnotation whichremovestheneedo developfurthernotationin this chap-
ter. Formaltreatmenbf Prologandfirst orderlogic is well establishe@ndis treatedelsavhere
[80].

A commonapplicationof Prologis in knowledgeengineeringandautomatedeasoning62].
Visualizationhaspotentialusesfor displayingthe resultsof automatedeasoningwhile auto-
matedreasoningaddsflexibility to derive new knowledge(implicit knowled@) for presentation
in a visualizationsystem. Information visualizationis the presentatiorof knowledge,soit is
naturalto integrateknowledgeengineeringnto visualization.

Prologis Turing powerful soit cancomputeeverythingthat a languagesuchas C++ can,
althoughthe languagehasdifferentapplications.Prologcanperformary performary kind of
datamanipulation.Thefollowing examplesllustratePrologs approacho datarepresentation.

Example 1. Supposeea-bediatais visualized,and at eac discrete samplepoint lies the sea
depthandits tempeature. Thepredicate

sea_depth(X, Y, Depth)
wouldcorvey thedepthof the seaat the specifiedocation,while
sea_temperature(X, Y, Temperature)

wouldcorvey thetempeature at each location. Datawouldbeaddedto thesepredicategrom
an externalsource A querysud as

?- sea_depth(X, Y, D), D>10, D<12.

wouldreturnall locationswhee thedepthwasbetweerfl0and 12 metes.

Example 2. Supposeviring of a houses visualized . Thepredicate

socket(Socket)

1PurePrologimplementdirst orderlogic. ISO Prolog [1] containgfeaturessuchascutsthatcanbreakthelogic, but
areapracticalnecessityto preventunwantedbacktracking.
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wouldidentifythe sokets,while the predicate
location(Socket, Location)

wouldidentifythe location of ead sodet, perhapsby a descriptionor a setof co-ordinates.
Wrescouldbeindicatedby

wire(Socket1, Socket2, Type)

to indicatethe existenceof the wiresbetweersodets,with Typebeinglive, neutralor earth

Example 3. Supposehe livenessof variableswasvisualizedover a function. Variablescould
berepresenteds

variable(Variable)
andstatementby
statement(Statement)
andlivenesscouldbeindicatedby
live(Variable, Statement)
Thequery
?- live(V, S).
wouldreturnwhich variableswere live for a particular statemens, while
?- live(v, S), live(V, S).

wouldreturnwhich variablesare concurentlylive with variable v.

3.3 Specifying View Content

Whenthe datahasbeengatheredt is readyto beviewed. A queryis issuedto the knowledge

databaseo extractthe informationto display This is a setof termscalledthe view content,

whichis shovn in Figure3.1. In thisway, every datumin theview is representetly oneterm. If
is the setof terms(definedin AppendixA), theview content is

Definition 1 (View content). Let be the setof termsthat representview content. Let
bethetheview content.

Example 4. Theview content for a smallfamily treecouldbetheset

[ person(charles), person(diana), person(elizabeth),
person(harry), mother(elizabeth, charles),
father(charles,harry), mother(diana, harry) ]

In asystenmwith multipleviews,eachview is identifiedby aview contet, whichis represented
by aterm.

Definition 2 (View context). Let bethesetof termsthatare view contexts. Let
bea view context.

Example5. Theview of theentire family treecould havetheview contet family_tree Theview
showingjust the ancestos of harry couldhaveview contet ancestors(harry).

Theview content is specifiedby arelationbetweertheview context and
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Definition 3 (View relation). A view relation is arelationbetween and

The view relationdefineswhich termsarein the view contentfor a particularview context.
Relationsareusedinsteadof functionsbecausehey aremoregeneralcanbe‘one-to-mary’, are

bi-directional,andcanbe expressedn first orderlogic. Therelation couldberegardedas
thequerythatdetermineshedatain theview content.

All Prologpredicatescan be regardedasrelationsbetweenterms. The Prolog predicateis
usedasanindicatorfunctionwhich finds all memberof the relationthat matchits arguments.
This meanghatPrologcanbeusedto definetheview relation,anda binarypredicate

view_content(ViewContext, ViewContent)

specifiesthe binary relation betweenthe view context andthe view content. The first pa-
rameterspecifiesthe view contet, andthe secondview contentfor the view context. This is
a ‘one-to-mary’ relation. Clausesareaddedto the view_content/2predicateto adddatato the
view content.

BecausdPrologis Turing powerful, andbecaus¢ermscanrepresenarbitrarydata,any com-
putablemappingfrom datasourceto the view contentcan be implemented. This methodof
specifyingview contentis thereforecompletelygeneric.

Theview contexts ~ andview content  areimplementatiordefined.

Example 6. Thefamilytreecouldbedeclaredbytheview relation

view_content(family_tree, mother(X, Y)) :-
parent_of(X, Y), woman(X).

view_content(family_tree, father(X, Y) -
parent_of(X, Y), man(X).

view_content(family_tree, person(X)) - man(X).
view_content(family_tree, person(X)) - woman(X).
if the predicateswvoman/] man/land parentof/2 are defined.Theview contetis family_tree

which hasin its view contenttheterm mother(X, Y)to denotethat X is motherto Y, father(X,Y)
to denotethat X is a fatherto Y, and person(X)}o denotethat X is a person.

ancestarof/2, thetransitiveclosure of parentof/2, canbedefinedas

ancestor_of(X, Y) :- parent_of(X, Y).
ancestor_of(X, Y) :- parent_of(X, Z), ancestor_of(Z, Y).

Thentheview context descendents(Rpntainingjustthe descendentsf P couldbe defined

view_content(descendents(P), person(X)) -
P=X; ancestor_of(P, X).
view_content(descendents(P), mother(X, Y)) -
ancestor_of(P, Y), parent_of(X, Y), woman(X).
view_content(descendents(P), father(X, Y) -
ancestor_of(P, Y), parent_of(X, Y), man(X).

Example 7. Theview relation

view_content(wiring, socket(Socket, Location)) -
socket(Socket), location(Socket, Location).
view_content(wiring, wire(S1, S2, Type)) :-

wire(S1, S2, Type).
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hasview context wiring, with the view contentsoclet(Soclet, Location)giving a sodket with
location,andwire(S1,S2, Type)denotinga wire betweertwo soketsof the specifiedype

Example 8. Theview relation seatemperatures

view_content(sea_temperatures, temperature_point(X, Y, Temp)) :-
sea_temperature(X, Y, Temp).

givesthe seabedtempeatures,while theview relation temperaturgange(Min,Max)

view_content(temperature_range(Min, Max), inside_range(X, Y) -
sea_temperature(X, Y, Temp), Min=<Temp, Max>=Temp.

view_content(temperature_range(Min, Max), outside_range(X, Y) -
sea_temperature(X, Y, Temp), (Temp<Min; Temp>Max).

returnsthe setsof pointsinsideandoutsidethe givenrange

Example 9. Theview relation

view_content(conjunction(A, B), C) :-
view_content(A, 0),
view_content(B, C).

givestheintersectionof A and B with view contet conjunction(A,B) while the view relation
disjunction(A,B) defined

view_content(disjunction(A, B), C) :- view_content(A, Q).
view_content(disjunction(A, B), C) :- view_content(B, C).

givestheunionof A andB.

3.4 Specifying Visual Content

Thegraphicaldescriptiorof theview, or visualcontent,s a setof termsdescribinghegraphical
structureof the view. It is derivedfrom theview contentby a mappingasshowvn in Figure3.1.
Eachtermin the visual contentrepresent®ne graphicalpropertyof the display The visual
contentis defined

Definition 4 (Visual Content). Let bethe setof termsthatrepresentvisuals.Let
bethevisualcontent.

A mappingis specifiedfrom the view content to the visual content . This mapping
is called a visualizationrelation, and can be regardedas the visual languagethat definesthe
protocolfor communication.

Definition 5 (Visualization relation). Thevisualizationrelation is a relation between
and
The visualizationrelationmapsmemberof to membersof . If is a bijectionthen

thereis an unambiguou®ne-to-onecorrespondencketweendataandits graphicalrepresenta-
tion. The visualizationwould thenbe complete(every datumis mappedo somethingvisible)
andunambiguougnotwo dataaremappedo thesamerepresentation)f ausercanseeall of the
visuals in theimage,i.e. they arenottoo smallandindistinguishablethenhe/shecaninvert

to recoverits meaning .
If the userknows the query he/shecan deducefrom his/herknowledgeof  which

propositionsmustbe true or false. The approachworks is becausehe structureof the image
alwaysmatcheghe structureof theview content.
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Multiple visualizationrelationscanbe providedfor the sameview. This givesflexibility in
changingthe graphicalrepresentatiofor a particularview. This would be usefulif for example
differentusershadparticulampreferencesor coloursor thewaythingswerepresentedf different
graphicalformsbettersuiteda dataset,or if differentvisualizationrelationsemphasizedr de-
emphasizedifferent partsof the view content. Becausdalifferentvisualizationrelationscan
coexist, eachhasa visualizationcontext to identify it.

Definition 6 (Visualization context). Let be a visualizationcontet. Let be the
visualizationrelationfor visualizationcontext .

Thevisualizationcontext canbe changedo selectdifferentvisualizationrelations.Thisrela-
tion canbeimplementedy the Prologpredicate

visual_content(ViewContent, VisualizationContext, VisualContent)

Thefirst agumentspecifiegshe memberof the view content. The secondargumentspecifies
thevisualizationcontext. Thethird agumentspecifieghe visual content.For a givenvisualiza-
tion context, this predicatesmplementsa binaryrelationbetween and

Thesetof availablevisuals, , isimplementatiordefined.

Example 10. Thevisualizationrelationwith visualizationcontext v

visual_content(married(X, Y), v, next_to(X, Y)).
visual_content(mother(X, Y), v, line(X, Y, green)).
visual_content(father(X, Y), v, line(X, Y, blue)).

representsmarried(X,Y)by next_to(X,Y), mother(X,Y)by line(X,Y,green)and father(X,Y)
by line(X,Y,blue)

Example 11. The visualizationrelations vl and v2 declae two different views of the house
wiring.

visual_content(socket(S, L), vl, socket_drawing(S, L)).
visual_content(wire(A, B, live), vl, graph_edge(A, B, black)).
visual_content(wire(A, B, neutral), vl, graph_edge(A, B, red)).
visual_content(wire(A, B, earth), vl, graph_edge(A, B, green)).
visual_content(socket(S, L), v2, icon(S, L, socket)).
visual_content(wire(A, B, live), v2, tree_edge(A, B, brown)).
visual_content(wire(A, B, neutral), v2, tree_edge(A, B, blue)).
visual_content(wire(A, B, earth), v2, tree_edge(A, B, green)).

Thealternativeformsare selectedy changingthevisualizationcontext.

Example 12. Whatis wrongwith thefollowing visualizationrelations?

visual_content(man(X), v, box(X)).
visual_content(woman(X), v, box(X)).
visual_content(ship(S, Name), w, ship_icon(S)).

Visualizationrelation v is not injective sotwo differenttypesof view contentcan mapto the
samevisual. Bothman(X)andwoman(X)are representedby thesamevisual. Thusa userseeing
a box(X)wouldnotbeableto tell whetherit representech man(X)or a woman(X)

Visualizationrelation w losesinformationby anothermeans.lt doesnot convey the nameof
theship, Name to ship.icon/1 A visualtypesysten{describedn Section3.5) canpreventsuc
informationloss.

Example 13. Given
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person(A) :- man(A).

person(A) - woman(A).

view_content(c, person(X)) - alive(X), person(A).
view_content(c, married(X, Y)) - married(X, Y).
view_content(c, children(X, Y) -

married(X, Y), child(X, C), child(Y, C).

visual_content(person(X), v, circle(X, red)).
visual_content(married(X, Y), v, line(X, Y)).
visual_content(children(X, Y), v, line_colour(X, Y, green)).

in view contet ¢ and visualizationrelation v, what can a user deducefrom a greenline
interconnectingwo redcircles?

Fromseeingheview it is deducedhatthevisualcontent mustbe

[ circle(A,red), circle(B,red), line(A,B),
line_colour(A,B,green) ]

for someA and B to accountfor theimage onthescreen? Invertingthevisualizationrelation
v, theview contentmustbe

[ person(A), person(B), married(A,B), children(A,B) ]
Fromtherulesandtheview relationit canbededucedhatfor someA, BandC,

alive(A), person(A), (man(A);  woman(A)),
alive(B), person(B), (man(B); woman(B)),
married(A, B), child(A, C), child(B, C).

3.5 A Visual Type System

Restrictionscanbe placedon to ensurethatthe visualizationrelationis valid. Nonsensical
mappingsouldbearelationshippeingmappedo asizeattribute,or astringmappedo acolour.
Theresultingimagewould beinvalid dueto theseerrors,calledvisualizationerrors.

To help preventsucherrors,a type systemcanensurethatmemberof the view contentare
only representedy suitablevisuals.Thevisualizationrelationshouldonly mapcontentto visu-
alsof the sametypeasthe content. The type systemis optional,but it hasa secondanfunction
of allowing usersto modify the legendof a diagramby selectingtype-compatiblevisuals,as
describedn Sectior4.8.2.

By itself thetype systencannotguarante¢heintegrity of the output,becausé¢he structureof
the datamay be unsuitabldor the specifiedvisualizationmethod.For examplearelationshipin
theview contentmay be representethy visual containmentbut if the relationshipsn the view
contentdo not form a treethena visual objectcould be containedin two othersand an error
occurs.Anothervisualizationrelationthatbettersuitedthe datawould berequired.

Eachmemberin is assignedh type by the type relation , andeachmemberin is
assigneatypeby thetyperelation

Definition 7 (Contenttypes). Let  bethetermsthat representypes.Thetyperelation s
arelationbetween and

Definition 8 (Visual types). Thetyperelation isarelationbetween and

View content maybemappeddntoavisual onlyif they havethesametype. Formally,

2A and B cannot be the identical, otherwise this set would reduce to [circle(A,red), line(AA),
line_colour(A,A,green)Jwhichwasnot obsered.
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(3.1)

This ensureghatinformationis not lost from the contentwhenit is renderedandthat the
visualrepresentatioof the contentis suitable. Thetyperelationscanbeimplementedn Prolog
with the predicatesontenttype/2 (for ) andvisualtype/2(for )

content_type(Content, Type)
visual_type(Visual, Type)

which indicatethe type of the visualsor content. The formatof the type term Typeis com-
pletelyunrestricted.

Eachdatumcanbecharacterizethy thenumberof reference# makesto otherentities.These
referencegandhencethe numberof referencesarepreseredbetweertheview contentandthe
visual content. Datathat makesno referencedo otherentitiesis called an entity, datawith a
singlereferences an attribute, and datawith two or morereferencess calleda relationship
Thecorrespondendeetweercontenttypesandvisualtypesis givenin Table3.1.

| Referenceqd Contenttype | Visualtype |

0 entity visualobject
1 attribute visualattribute
relationship | visualassociation

Table 3.1. Thecorrespondendeetweerinformationandits display

Examplesf visualobjectsincludetext, shapespolygons pictogramsandicons. Exampleof
visualattributesincludecolours,transpareny, font, size,changesn form andthickness Exam-
plesof visualassociationscludecontainmentadjaceny, relative position,connectindinesand
layout. Thislist is notexhaustve andis implementatiordefined.Thesevisualsform agraphical
vocahulary with which the datain theview contentis communicatedo theuser

Any kind of datacanbe composednto a network of entities attributesandrelationshipsThe
correspondencieetweertheview contentandthe visual contentis maintainedoecausehetype
systemensureghat entitiesin the view contentmustbe mappedo visual objectsin the visual
contentattributesmapto visualattributesandrelationshipsnapto visualassociationsT his cor
respondencis informally obsenedby GreenandBenyon [38] who decompose@raphicdisplays
into entities, attributesand relationshipsbetweengraphicalobjects. Bertin [9] regardsorder;
form andproportionasfundamentato visualization which arelooselyobsenedasexamplesof
attributes,entitiesandassociations.

Extrainformationmay be corveyed by a visual. For examplea labeledicon could corvey
a text label, while a heightbar could convey numericaldata. The type of this datawould be
corveyedin thetypeof thevisual.

The typesassignedo visualsand content, , areimplementatiordefined. The particular
typerepresentationsedin thefollowing examplesandVmax, formsalist of propertiesof the
type.An entityin representeds+/d, andareferences-Id. Stringshavetypestr(S)andnumbers
have type num(S) Thusary type containinga +/d is anobject,one-Id is anattribute,andtwo
or more-Id is anassociation.

Example 14. Someexamplesof contenttypes:

| Content | Meaning | Type |
man(M) amanM [+M]
height(PH) PhasheightH | [-P, num(H)]
is_tall(P) Pistall [-P]

soclet(S,Loc) awall soket | [+S,str(Loc)]
wire(A, B, Type) | awire [-A, -B]
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Example 15. Someexampleof visualtypes:

| Misual | Description | Type |
box(X) a box [+X]
circle(X, Colour) acolouredcircle | [+X]
labeledicon(X, D, Type) | alabeledicon [+X, str(D)]
line(X, Y, Colour) acolouredline [-A, -B]
highlight(X) highlighting [-X]
objectsize(X,Size) objectssize [-X, num(Size)]

Example 16. Thetypesfor highlight(X) andis_tall(X) are declaed

visual_type(highlight(X), [-XD).
content_type(is_tall(X), [-X]).

3.6 Specifying Graphical Constraints

The visualcontent is a high level graphicaldescriptionof the view, thatis mappedo a set
of low level graphicalconstraints thatdrive a graphicalconstraintsolver. The graphicalcon-
straintsareshavn in Figure3.1. The setof graphicalconstraintscompletelydefinesthe output
image.

Definition 9 (Graphical constraints). Let bethe setof termsthat representgraphical
constaints. Let bethegraphicalconstaintsof the view.

Eachvisualin  is mappedo asetof graphicalconstraintghatcomposehevisual.
Definition 10 (Visuals). Let bearelationbetween and

is implementedn Prologby the predicatevisual primitive/2

visual_primitive(Visual, Constraint)

implementgherelation anddefinesthe graphicalconstraintsConstraintfor a visual Vi-
sual Clausesanbeaddedo this predicateo definenew visualsin thevisualizationsystem.

Example 17. Alabelediconcouldbedeclaed

visual_primitive(labeled dcon(ld, Text, Icon), Primitive) -
Primitive = icon(icon(ld), Icon);
Primitive = string(text(ld), Text);
Primitive = v_stack(ld, icon(ld), text(ld)).

Theobjectthat is definedhas an identifier Id, and hasan icon of type Icon with identifier
icon(ld), anda string of Text with identifier text(ld). v_stack(ld,icon(ld), text(Id)) specifieghat
theiconshouldbe placedabovethetext.

Eachgraphicalconstrainthasidentifiersthat referenceother constraintdor structuringthe
image.

Example 18. A colouredline visualcouldbedeclaed

visual_primitive(line(From, To, Colour), Primitive) -
Primitive = edge(edge(From, To), From, To);
Primitive = colour(edge(From, To), Colour).

Theline betweertwo objectswith identifieis Fromand To is giventhe identifier edge(From,
To).
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Section4.6 describesven more succinctspecificationdor the visualsin Examplesl?7 and
18. Section4.6.1describehow more comple visual objectsmay be specifiedusinga set of
geometricconstraints.The setof graphicalconstraints is next solved out andrenderedasan
image .

Definition 11 (Image). Let betheoutputimage. is afunctionof

couldberegardedasa setof colouredpixels,acolourfunctionover , or a subsebf
or ,where denoteghesetof realnumbers.

is implementeddy a constraintsolver and rendererthat assembleshe graphicalcon-
straintsinto animage.Theimplementatiorcoulduseary layoutor renderingalgorithms which
will notbethesubjectof formal analysis.

Theset  of graphicalconstraintsis implementationdefined. The graphicalconstraints
providedby SVT aregivenin SectionB.6.

3.7 Generating Views

The whole visualizationprocesss the combinedrelation , Which is arelationbe-

tweentheview context andthesetof graphicakonstraints thatrepresentheimage.
is the relation betweenthe view context andthe setof visuals that describeghe image.

is therelationbetweertheview content andthegraphicalconstraints .

Figure 3.2 illustrateshow the relation derivesthe graphicalconstraintdor the
view context family_tree Theresultingrelationis shavn in Figure3.3.
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Figure 3.2. A graphicalrepresentatiof the relations(shaded)shoving how graphicalcon-
straintsarederivedfrom theview contet.

The graphicalconstraintsConstraintfor a view contect ViewContext andvisualizationcon-
text VisContext canbeacquiredby issuingthequery

?- view_content(ViewContext, Content),
visual_content(Content, VisContext, Visual),
visual_primitive(Visual, Constraint).

Thegraphicalconstrainton theright handsideof Figure3.2 or 3.3 arepassedo agraphical
constrainssolver asdescribedn Sectiord.5. Figure3.4 shownsthefinal output.
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icon(icon(harry), person)

text(text(harry), harry)

‘ v_stack(harry, icon(harry), text(harry))

1 icon(icon(charles), person)

: text(text(charles), charles)

| v_stack(charles, icon(charles), text(charles))

| icon(icon(elizabeth), person)

text(text(elizabeth), elizabeth)

v_stack(elizabeth, icon(elizabeth), text(elizabeth))
family_tree icon(icon(diana), person)

text(text(diana), diana)

| v_stack(diana, icon(diana), text(diana))

| edge(edge(charles, harry), charles, harry)
: colour(edge(charles, harry), blue)

‘ edge(edge(elizabeth, charles), elizabeth, charles)
colour(edge(elizabeth, charles), green)
edge(edge(diana, harry), diana, harry)

colour(edge(diana, harry), green)

View Combined Graphical
Context Relation Constraints
Q VvV G

X — = = G

Figure 3.3. Thecombinedrelation

Figure 3.4. Thefamily treeoutputby SVT.

3.8 Specifying Interaction

Whenthe imagehasbeengeneratedhe usercaninteractdirectly with the objectsin theimage,
for examplewith amouse.Theuserinputis anaction Thesystemsresponsés thereaction An
actionfollowedby areactionis calledaninteraction This simplemodelcanbe usedasa basis
for specification.

3.8.1 Actions

Interaction's modeledasarelationbetweeractionsandreactionscalledanactionrelation Each
actionandeachreactionis representetly a singleterm.

Definition 12 (Action relation). Let bethe setof termsthat denoteactions.Let

be the setof termsthat denotereactions. A relation between and is called an
actionrelation.

It may be necessaryo have morethanone actionrelation. For exampledifferenttypesof
view may have differentinteractve behaiour, or differentuseramay have differentpreferences
for interaction.Thereforeeachactionrelationhasatermcalledanactioncontext to identify it.

Definition 13 (Action context). Let bean actioncontet. Then is theactionrela-
tion with actioncontet
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Thepredicateaction/3

action(Action, ActionContext, Reaction)

implementghebinaryrelation betweenAction andReactionfor a givenactioncontext
ActionContext. Interactive behaviour isimplementedy addingclausedo thepredicateaction/3

Every time a userinput occurs(suchasa mousemove), the predicateaction/3is calledto
determinethe reaction. The graphicalobjectsin the view containidentifiers(specifiedin the
graphicalconstraintsjhatareusedto identify objectsbeneattthe mousecursor

Example 19. Thefollowing actionsare usedin SVT

| Action | Description |
click(Object,Buttons, Themousehasbeenclicked Timestimesover object
Times) Object with the mousebuttonsButtons

drag(From,To, Buttons)| A mousedrag fromobjectFromto an objectTo,
with mousebuttonsButtons

key(Object,Key) A key Key hasbeenpressedver objectObject

linger(Object) Themousehasstoppedver objectObject

menu(Menu,Text) ThemenuMenuhasitem Text selected.

move(ObjectButtons) | Themousehasbeenmovedover objectObject with
mousebuttonsButtons

Example 20. Theactionrelation

action(click(Person, [on, ., ., 1 ) &
navigate_to(personal_details(Person))) -
person(Person).

declaesthat the reactionto a mousepresswith the left mousebutton over a person Person
in actioncontet ais navigateto(personabletails(Person))Theundeiscoresare wild-cards, or
unnamedrariables.

Example21. Theactionrelation

action(menu(actions(File), 'Delete  file"), a,
delete_file(File)) -
file(File).

declaesthat thereactionto the menuselectionin actioncontet ais deletefile(File), if File
is afile.

3.8.2 Reactions
Reactionexecutethe systems responsein Prolog. To allow differentimplementationsf reac-
tions,eachimplementations givenareactioncontet to identify it.

Definition 14 (Reactioncontext). Let be the setof reactioncontets. Let
bethereactioncontext.

Definition 15 (Reactionrelation). Let bearelationbetween and
Thereactionrelationimplementgheresponsén Prolog. Thepredicatereaction/2
reaction(Reaction, ReactionContext)

is usedwhereReactioris thetermdenotingthereactionandReactionContet is thereaction
contt. Reactionsareimplementediy addingrulesto the reaction/2predicatethat have side-
effectsto performthe requiredtask. Thereactiontermfrom action/3is passedmmediatelyto

reaction/Zfor execution.Interactionis thecombinedrelation

The actionandreactioncontets, andtermsdenotingactionsandreactions, and , are
implementatiordefined.Theactiontermsusedby SVT aregivenin SectionB.7.
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Example 22. Thereactionrelation

reaction(navigate_to(ViewContext), rn -
new_view_context(ViewContext).

implementsa reactionto navigateto(ViewContet) in reactioncontet r, that changesthe
view context andredrawstheview.

Example 23. Thereactionrelation

reaction(delete_file(File), rn -
filename(File, Filename),
system_call(['rm ', Filename]).

implements reactionto deletefile(File) in reactioncontext r.

Example 24. Thereactionrelation
reaction(Reaction, call) - call(Reaction).

executeghereactiontermasa predicate

3.9 Chapter Summary

Visualizationcanbethoughtof asamappingirom theobjectto bevisualizedtheview context) to
theimageonthescreenFromageneriamodelof visualizationthis mappingcanbedecomposed

into a seriesof relations, and that model different stagesin the visualization
processTheseareformal mappingsn first orderlogic.

Theadwantage®f this aretwofold. Firstly atheoreticafoundationhasbeenlaid thatreveals
certainpropertiesof visualization,suchasthe stagesf visualizationandthe decompositiorof
graphicalcommunicatiorin termsof objects,attributesandrelationshipsandtheir correspon-
denceto a semantimetwork. It is possibleto prove whata usercanandcannotdeducefrom a
view, andtheoreticalwork on thetypesof visual entitiesalsofollows from this work.

Most importantly however are the practicalimplications. It shovs how knowledge-based
systemamplementedn Prologcanbe interfacedto a visualizationsystem,and suggestghat
Prologs strengthsn knowledgeengineeringnale it a suitablefront endfor informationvisual-
ization. Knowledge-basedueriescanbe formulateddirectly in Prolog,to filter avay unwanted
datadependingon the context or interestof the user Prologprovidesa very concisespecifica-
tion languagdor all stageof visualization.All specificationsredirectly executablen Prolog.
As well asbeingcompletelygeneric,this methodis very flexible. Any partof the visualization
procesanbe modifiedby changingeithertheview or thevisualizationrelation. Navigationis
achieved by changingthe view contet, andthereis no limit to the numberof viewsthatcanbe
defined. The graphicalrepresentationf datacanbe changedsimply by changingvisualization
context.

Interactionis modeledas a relation betweenuseractionsand systemreactions. The
interactve behaviour is specifieddirectly in Prolog.

Thenext chaptedescribesanimplementatiorof this formal modelin avisualizationsystem.



Chapter 4

Semantic Visualization Tool

SemanticVisualizationTool (SVT) is a visualizationtool that implementsthe se-
mantic model of visualizationdescribedin Chapter3. It is intendedto be gen-
eral purposeallowing ary kind of datato be presentedn ary format, althoughits
strengthdie in presentingsemanticnetworks. The mostunusualaspecof this tool
is the Prologengineusedfor queryingthescenedata.

SVT is in essence graphicalconstraintsolver sitting on top of Prolog. Queries
issuedto Prologreturna large setof graphicalconstraintghatare constructednto
a scenggraphandrendered.SVT providesa graphicaluserinterface,a 3-D model
viewer and an integratedtext editor. Its architectureallows its presentatiorcapa-
bilities to be extendedthroughextensve C++ and Prologapplicationprogrammer
interfaces. The entire systemis specifiedusing Prolog, and pre-compiledProlog
files aredynamicallyloadedinto the systento provide visualizationdor the user

Although SVT is completelygeneric,its primary aim is to visualizethe kind of

datapresenin programdatabaseandprogramrun-timeinformation. Becausehis

dataandits presentatioris sovaried,atool with maximumflexibility hasbeenim-

plemented.Vmax is a visualizingtext editor built on top of SVT which provides
graphicalviews of the programdatabasandrun-timeinformation,andis described
fully in Chapter5.

4.1 Introduction

The theoreticalmodel presentedn Chapter3 leaves much scopein its implementation. This
chapterpresentne possibleimplementationfo demonstrateéhe validity of the modelandto
provide a platformfor softwarevisualizationwhichis theaim of this dissertation.

SVT providesthecapabilityto scriptvisualizationin Prolog. Theactualvisualizatiorapplica-
tion is writtenin Prologandoptionallyalsoin C++. Thearchitectureallows C codeto becalled
from Prolog. At start-up,SVT loadsthe Prologfiles that containthe specificationgor view re-
lations, visualizationrelations,interactve behaiour, andrulesfor queryingandprocessinghe
input data.

This chapterdealswith thefinal stagedn the visualizationprocesgivenin Figure3.1. It is
assumedhatthe datagatheringandthe view andvisualizationrelationshave beenspecified so
that SVT cansimply issuea queryto Prologto returnthe graphicalconstraintshatcomposea
scene.

The graphicalconstraintgeturnedfrom the queryform the nodesof a sceneggraph. A scene
graphis a datastructureof nodesandlinks thatstoreshe graphicalstructureof the sceng106).

Much of SVT is supportingarchitecturaghat providesa graphicaluserinterfacebetweerthe
userandthevisualization.In additionSVT providesanumberof algorithmsfor graphicalayout
thatassign3-D coordinatego the objectsin the scenegraph. Whenthe graphicalcomponents
have beenassignedoordinatesthe scenegraphis rendered.

53
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4.2 Architecture

SVTisimplementedn C++andintegrateSOpenGL[50] to provide 3-D graphicaloutput,SICS-
tusProlog3.7[59], andMotif 1.2[41] for thegraphicaluserinterface.Eachof thesecomponents
provide C interfacesfor compilationinto a single executablefile. The architectureof SVT is
shovnin Figure4.1.

User Application

Prolog API

Motif
SVT OpenGL

SICStus Prolog -

Xlib

Operating System

Figure4.1. Thearchitectureof SVT.

Thestructureof SVT in Figure4.2implementghe semantianodelshown in Figure3.1. The
coloursmatchFigure4.1.

Data Input

C++ C++
I

o
/ View /’ / Visual /’ / Graphical /’ gﬁgﬂ:ﬂ, GUI
Database Content Content Constraints Solver Graph
f Interaction - @

User

Knowledge

Figure4.2. Thestructureof SVT.

4.3 Running SVT

SVT is anexecutabldile svt, thatrunsthe Prologfile specifiedonits commandine. Additional
command-linergumentsarepassedo the Prologprogram.For examplerunning

svt myvis argl arg2

from a UNIX shellwould run the pre-compiledPrologbytecodemyvis.qglin SVT. Theargu-
mentsargl andarg2 arepassedsinputto myvis.

TheloadedPrologfiles containdatainterfacesyulesfor reasoningaboutthe data,anddefine
theview, visualization actionandreactionrelations to completelydefinethebehaiour of SVT.

A mainviewing window is createdy calling

create_viewer(ViewContext, VisualContext,
ActionContext, ReactionContext)

with view context ViewContet, visualizationcontext VisualContet, actioncontext Action-
Contect andreactioncontext ReactionContet. Thiswindow consistof a mainview areaatext
areapull-down menusanda statusbar, showvn in Figure4.3.
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Figure4.3. Themainviewing window.

Figure 4.4. TheFile pulldovn menu.

Additional Prologfiles canbe loadedby the Load Prolog option on the File pulldown menu,
shavn in Figure4.4. The Closeoption closesthe currentwindow, andthe Quit optionexits the
program.

4.4 View Manipulation

Oneof the mainissuesn visualizationis to presentexactly whatthe userwants,but it is often
the casethat too muchinformationis presentedo the user calledinformation overload [7].

Informationfiltering is necessaryo remove theunwantednformationwhile leaving therequired
information. While the view relationsfilter datasemanticallyviewpoint control canfilter data
spatially andsuchspatialfiltering hascommonapplicationsn informationmurals[49], lensing
technique$87] andrubbersheet488].

The screenhasa finite sizeand hencehasa theoreticalupperlimit on the amountof infor-
mationit cancorvey.! In the caseswvherethe datais simply too large to be fitted in a window,
the featuresize of the outputis automaticallyreducedsuchthat the whole view still fits in the
window. An exampleis shavn in Figure 4.5. This approachprovidesan initial overview of
thewhole data,eventhoughdetailedinformationmay be lost, andthis approactollows Shnei-
dermans “visual information seekingmantra: overview first, zoomand filter, then detailson
demand. [91]

A usermayhave anareaof interest,or in the 3-D caseavolumeof interest.Therearemary
differenttechniquedor scrolling and zoomingto selectsuchan areaof interest[40], but the
methodusedhereis the oneusedOpeninventor[106]. Thecontrolsaregivenin Table4.1.

Suchcontrolsarea standardnethodfor manipulating3-D models. This methodalsoworks
for 2-D modelswhich providessinglemousemovementdor continuousnovementf theimage
to any magnificationand position over the scene. While rotationis necessaryor viewing 3-

1A looseupperboundis theamountof videoRAM.
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Figure4.5. A comple view is shrunkto fit in the viewing area.

| Userinput | Viewpointmovement |

ctrl  + mousebuttonl | panin directionof mousemove

ctrl  + mousebutton2 | rotatetheview with the mousemovement,
afastmovementspinsit

ctrl + mousebutton3 | zoomin or outwith verticalmousemovement

Table 4.1. Thecontrolsfor viewpoint manipulation.

D models,this featureis lessuseful for 2-D, and can be ignoredby the userto maintainan
orthogonalviewing directionto the scene. Examplesof viewpoint manipulationare shavn in
Figure4.6.

The Window menuis shovn in Figure4.7. The option Resetiewpoint movesthe viewpoint
backto the overview of the scene.If the contentof the view haschangedandthe view needs
to berefreshedthe option Refieshview will updatetheview. The drawing speedoptionsaffect
the quality of the rendering,becauset may be necessaryo decrease¢he renderingquality to
increaseherenderingspeedor smoothviewpointcontrolon slow hardware.

ThelLegendoptioncreatesawindow to shav thelegendexplainingthesymbolspresentn the
currentvisualization,andis describedully in Section4.8. The Zoomoption createsa window
thatshavs agraphicalview of theobjectbeneattthemousecursor asdescribedn Sectiord.10.

TheCreatenew viewer optioncreateg new viewing window containingheinitial view, while
Duplicatecreatesa new viewing window with the samecontentasthe existing one. SVT man-
ageamultiple viewing windows. Togglingthe View windowoptionhidesor revealsthegraphical
view, while togglingthe Text windowoptionhidesor revealsthetext window.

4.5 Generating Visualizations

Eachview is generatedy issuinga queryto Prologthatreturnsthe graphicalconstraintfor a
particularview context andvisualizationcontext. Theseconstraintsare structurednto a scene
graph laid outandrendered.
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(a) Panandzoomof Figure4.5. (b) Rotation.

Figure 4.6. Examplesf viewpoint manipulation.

Figure4.7. TheWindowmenu.

4.5.1 Acquiring the Visual Primitives

Eachview storesa recordof its currentview context, visualizationcontext, actioncontect and
reactioncontext. To generate view, the Prologquery

?- get_constraint(ViewContext,
VisualizationContext,
Constraint).

is issuedto return the graphicalconstraintsConstraintfor its currentview content View-
Contect andvisualizationcontect VisualizationContet. All queriesareissuedthroughthe C
interface andthetextual representatiois shavn only for illustration.

The get constraint/3predicatds implementedas

get_constraint(ViewContext, VisContext, Constraint) -
view_content(ViewContext, Content),
visual_content(Content, VisContext, Visual),

visual_primitive(Visual, Constraint).
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| Vnode |

\ \
| Vattiibute | | Vobject |

Vcompound
| |

| Vassociation |

Figure 4.8. The baseclasse®f graphicalconstraints.

andimplementgherelation describedn Section3.7.

4.5.2 Generating the Scene Graph

EachgraphicalconstraintConstraintis a termthatrepresent®ne nodeof a scenegraph. The
nodesin the scenegraphareinstance®f the baseclasseshawvn in Figure4.8. Thuseachtype
of nodeis eithera visual objector an attribute, and visual objectsmay be compositeor binary
associations.This baseclasshierarchyimplementsthe basicgraphicaltypesin Section3.5,
which areobjects attributesandassociations.

Vobject refersto all constraintsghat can be renderedon the screen,Vcompoundrefersto
all constraintg¢hat composesub-objectsyassociations an associatiorbetweerntwo visual ob-
jects,and Vattribute is anattribute appliedto visual objects.This baseclasshierarchycoversall
graphicalentities,attributesand associationshat canmake up animage. The C++ headeffile
svtvisual. himplementingthis classhierarchyis includedin SectionB.9.1. The completeclass
hierarchyof visualsprovidedby SVT is shavn in Figure4.9.

As a namingcorvention,the graphicalconstraints functor hasthe samenameasthe class
of the objectwith aprependedv’. Thusthe constraintstring(1234,'Peter’) instantiates class
Vstring with identifier 1234 andstring ‘Peter. The functor's agumentsare passedlirectly to
the object’s constructoffor initialization. The completelist of graphicalconstraintprovidedby
SVT is givenin SectionB.6.

This classhierarchyis designedo be completelyextensibleto incorporateary methodof
graphicaloutput.A C++file canextendoneof theclasse®f Figure4.9,anddeclarea handlerto
instantiatehe new graphicalconstrainfor inclusionin the scenegraph.

Oncethe graphicalconstrainthave beeninstantiatedthey are structurednto a graph. The
objectsmustbe cross-efeenced which meanscreatingC++ pointersbetweerthe nodesin the
scenegraph. EachVobjectcontainsa term calledits identifier, eachVattribute containsa term
identifying the objectto which it applies,andeachVassociatiorcontainstwo termsidentifying
theobjectsthatit associates.

Cross-referencing implementedisinga hashtable. Each Vobjectinsertsits identifierand
addresdnto the hashtable. Each Vattribute looks up the addresf its objectfrom the hash
table. EachVassociationooks up the addressesf the objectsit associatefrom the hashtable.
It follows thatthe costof cross-referencing linearwith the numberof graphicalconstraintsn
thescene.

4.5.3 Structuring The Scene Graph

The cross-referencedodesform a scenegraph. A Vwindow objectis createdat the root node
of the scenegraph,andevery objectin this graphexceptthe root nodewill have pointerto its
parent.Any objectsthatdo not have parentsareautomaticallyaddecdto the Vwindow to ensure
thatthe scenegraphis connected.

Before eachnodeis crossreferencedthe nodeis initialized by calling its On.initialize()
method. After eachnodehasbeencrossreferencedurtherinitialization is doneby calling the
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Figure4.9. SVT's completeclasshierarchyof graphicalconstraints.
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nodes On structure()method.Thesefunctionsaredeclared

virtual void On_initialize();
virtual void On_structure();

Additional structuringfinds subgraphgonnectedy the Vedgeassociation.

4.5.4 Graphical Layout

EachVobjecthasthefollowing virtual methoddor graphicalayout

virtual void On_reset_size();

virtual void On_set_size(double *new_size);

virtual void On_set_position(double *new_position);
virtual void On_draw();

thatarecalledin thatorder Eachobjectdeterminests natural sizeexpressedn pixel units
asa 3-D boundingbox. On_resetsize() setsthe sizeof the visual objectto its naturalsize,and
if it is acompositeobject,it will first call On_resetsize() of its child membersThe Vobjecthas
pointersto all of its attributesandassociationsothatit candeterminehow it shouldbelaid out.
The On resetsize() methodof the Vwindow objectis calledto initialize the entirescene.

On.setsize()is calledfor eachobjectto changéts size,particularlyto shrinkit to fit theview
in theviewing window. The On_setsize()methodof the Vwindow objectis calledto ensurehat
thewholeview fits in the viewing window, andcompositeobjectscall On setsize()for eachof
their child objects.

On.setposition()is calledfor eachobjectto positionit correctlywithin theview. Composite
objectssetthe position of their children. Finally On.drav() rendersthe objecton the screen
usingOpenGL.Eachobjectstorests own coordinates.

4.5.5 Graphical Layout Algorithms

The architectureallows ary kind of layoutalgorithmto be appliedto the scenegraph. Someof
thelayoutalgorithmsusedin SVT aredescribechere.Noneof thesealgorithmsareparticularly
sophisticatedput shav how differentalgorithmscanbeappliedto the scenegraph.

Graph Layout

Therearemary typesof graphlayoutalgorithm[6], andthe onechoserhereis baseduponthe
shortestpathfrom a root vertex, asfirst describecby Sugiyamaet al. [98], mainly becausef

its speecandsimplicity. A root vertex is selectedandpreferences givento the vertex with the
leastnumberof edgedeadingtowardsit. Thentheundirecteduinweighteddistanceo eachother
vertex in the graphis computedusinga breadth-firssearch.Eachvertex is assignedo a layer
equaltoits distancdrom therootvertex, sothattherootvertex is onlayerzero. Thisensureghat
adjacenterticesappeaon adjacentayers,or onthe samedayer. Finally anorderingof vertices
on eachlayer minimizesthe numberof edgecrossings. This algorithmworks reasonablyfor

sparseggraphsandis shavn in Figure4.10.

Multi-container Layout

A multi-containeris a compositevisual objectthat lays out its childrenin rows as showvn in
Figure4.11.

This algorithmresetshe sizesof its children,andfinds the optimumwidth of the container
suchthattheaspectatiois closeto anidealvalue. Thiswidth is foundby interval bisection.The
orderingof thechildrenis notchangedecauseheir ordermay cornvey information.
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Figure 4.10.Graphlayout.

Figure4.11.A multi-container

Fish-eye Lens

A fish-g/elens“is averywide anglelensthatshaws placesnearbyin detailwhile alsoshaving
remoteregionsin successiely lessdetail’ [87] A simplefish-e/e lenshasbeenimplemented
thatshavs atreewith thebaseof thetreewith the highestdetail. Therootvertex is placedin the
centreof the graph,andchildrenare placedin concentricrings aroundthe centre. The sizesof
the childrenarereducedexponentiallywith distancefrom theroot sothatthey fit into thegraph
without overlapping A fish-e/e lensis shavn in Figure4.12.

The algorithmworks by assigningeachvertex a sectorof the circle anda depth from the
root vertex. Eachvertex dividesits sectorequally betweenits children. The magnificationof
eachvertex is givenby

(4.1)

andits distancefrom the centreby

(4.2)
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Figure4.12.A fish-g/elens.

where is thedistancdrom therootnode, istheradiusof thefish-eyelens, isthedecay
constanfor thesize,and is theradiusratio. In thisimplementation, waschoseno be
and was . Inthecasewherethesizeof the verticesexceedtheir sectorsize,their radii are
reducedo preventoverlap.

Hierarchical List Layout

A hierarchical list is a hybrid of a hierarchyshavn in Figure4.13(a)and a nestedist shavn
in Figure4.13(b),andis shovn in Figure4.13(c). It aimsto achieve a betteraspectatio (ratio
width to height)thaneitherthe hierarchyor list alone. Perhapsa betteraspectratio canmake
betteruseof the screerreal-estat@andfit moredataontothe screenasboththe hierarchyand
thelist canmake pooruseof space.

The algorithmworks from the leaf verticesup by summingthe widths andthe heightsof a
vertex'ssubtreeslf thetotalwidth exceedghetotal height,thenthelist layoutis used otherwise
thehierarchylayoutis used.More sophisticatedersionf thisalgorithmcoulddoanevenbetter
job of packingtreesinto a smallspace.

4.6 Expanding the Graphical Vocabulary

The setof visuals  forms a graphicalvocatulary with which to communicateénformation.
A large graphicalvocahlulary meansa more varied graphicaloutput (which is visually more
interestinglandcanbe usedto mimic othernotations.This canbeimplementedn severalways
in SVT. Thefirst is throughthe C++ interfacewhich candefinenew graphicalconstraintsoy
usingOpenGLdirectly to outputgraphics.Theseconds to addclausedo the visual primitive/2
predicatehatcomposegraphicalconstraintsnto visuals,therebyaugmenting . Thisis still

alow level approachbut is muchmorecorvenientthanprogrammingn C++.

A morehigh level approachs to specifythe compositionof visualsdirectly by
visual_component(Visual, Component)

where Visual is the new visual being declared,and Components a visual that is already
declared.Visualscanbe definedin termsof othervisuals,andit is straightforvardto augment
andcombineexisting visuals.visualcomponent/as calledfrom visual primitive/2 by
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(a) A hierarchy

(b) A nestedist. (c) A hierarchicalist.

Figure4.13.Treelayout.

visual_primitive(Visual, Primitive) -
visual_component(Visual, Component),
visual_primitive(Component, Primitive).

andin particularlists of visualcomponentganbedeclaredy

visual_component([H|T], H).
visual_component([H|T], T).

This meanghatthe specificationgor alabeledicon

visual_primitive(labeled_icon(ld, Label, Type), Primitive)
Primitive = icon(icon(ld), Type);
Primitive = text(text(ld), Label);
Primitive = v_stack(ld, icon(ld), text(ld)).
visual_primitive(labeled_icon(ld,Label ,Type) , Primitive)
visual_primitive(icon(icon(ld), Type), Primitive);
visual_primitive(text(text(ld),Label), Primitive);
visual_primitive(v_stack(ld, icon(ld), text(ld)),
Primitive).
visual_component(labeled_icon(ld, Label, Type), Component)
Component = icon(icon(ld), Type);
Component = text(text(ld), Label);
Component = v_stack(ld, icon(ld), text(ld)).

visual_component(labeled_icon(ld, Label, Type),

[
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icon(icon(ld), Type),
text(text(ld), Label),
v_stack(ld, icon(ld), text(ld))

D

areall equivalent. The latter offers the most succinctmethodof specification,and there-
fore all the visualsprovidedby SVT have beendefinedusingonly visualcomponent/Zand ob-
jectcomponent/3describedn Section4.6.1).1n thisexample

visual_component(coloured_line(A, B, Colour),
[
line(A, B),
line_colour(A, B, Colour)
D
visual_component(red_line(A,B), coloured_line(A,B,red)).

thevisual red line/2 is definedin termsthe visual colouredline/3 which is itself composite.
No additionalPrologis requiredto usethevisualslabeledicon/3 colouredline/3 andred line/2

4.6.1 Specifying Visual Objects

Visual objectsare graphicalentitieson the screen. They are effectively pictogramsthat com-
municateentitiesand datain the view content. Visual objectscan also communicateextual
andnumericalinformation,andcombineothervisual objects. It is theway visual objectscom-
binethatis particularlydifficult [36], asillustratedin Figure4.14,but this complex behaiour is
necessaryo implementvisuallanguages.

Figure 4.14.Visualobjectsadapttheir layoutin responséo othervisualobjects.

Suchbehaiour could of coursebe programmeadlirectly throughthe C++ interface,but SVT
providesameansf specifyingthis expansiorbehaiour in Prolog. Eachvisualobjectconsistof
asetof andhorsthatarepointsin spacé, andgraphicacomponentgsuchaslinesandpolygons)
attachedo theseanchors.Theseobjectcomponentare specifiedwith the objectcomponent/3
predicatewhich specifieshe component€omponenbf anobjectwith visual Visual andiden-
tifier Identifier.

2Anchorscouldbe pointsin space-timefor animation but this possibilityhasnot beenexplored.
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object_component(Visual, Identifier, Component)

Figure4.15shavs theanchorsandgraphicalcomponentsf a boxwith a shadaov.

a b
a+(5,=3) - - - _____ b+L—5‘,-3) +(0,-4)
| | b+(4,-4)
|
| Child |
I ! p2
C+(5,3) _ _ _ _ _ ______ d+(-5,3)
c c+(4.0) d
C+(4.-4) pl d+(4,-4)

Figure 4.15. Theanchorsandgraphicalcomponent®f a box with a shadav.

Thecompletespecificatiorfor this visual objectis

object_component(shadow_box(Box, Child), Box,
[
contain(Child, a+(5,-3), b+(-5,-3), c+(5,3), d+(-5,3)),
I=line([a,b,d,c,a]),
pl=polygon([c+(4,0), d, d+(4,-4), c+(4,-4))),
p2=polygon([b+(0,-4), b+(4,-4), d+(4,-4), d))

D

The nameof thevisualis shadav_box(Box, Child), whereBox is the identifier of the visual
object, and Child is the identifier of the objectthat is insertedinto it. The secondargument
to objectcomponent/Fpecifiesthe identifier of the visual object,in this caseBox. The third
argumentspecifieghe componentsf theobject.

Objectcomponentgsuchas I=line([a,b,d,c,a]) aretranslatednto graphicalconstraintsy
the componenprimitive/3 predicatehatdefineshow objectcomponentsnapto graphicalcon-
straints.componenprimitive/3is calledfrom

visual_primitive(Visual, Primitive) -
object_component(Visual, Id, Component),
component_primitive(Component, Id, Primitive).

The completdist of objectcomponentprovidedby SVT is givenin SectionB.5. Thevisual
shadev_box/2 canbeusedlik e any othervisual. For example

visual_component(text_shadow(ld, Text),

text(text(ld), Text),
shadow_box(ld, text(ld))

D

createsavisual text_shadav/2 which displaystext within a shadevedbox. A colouredback-
groundcanbe addedo shadov_box/2 by

object_component(shadow_box_colour(Box , Colour), Box,

p=polygon([a,b,d,c]),
p=colour(Colour)

D

visual_component(shadow_box_colour(Box , Child, Colour),

[
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shadow_box(Box, Child),
shadow_box_colour(Box, Colour)

D

visual_component(blue_text_box(Box, Text),

[

text_box(Box, Text),
shadow_box_colour(Box, paleblue)

D

to definethe new visualsshadev_box.colour/2 shadov_box colour/3andblue.text box/2

In the shadav_box/2 example,the identifiersfor the objectcomponentsare p1 and p2 for
thepolygons,anda, b, c andd for theanchors.The predicatecomponenprimitive/3 combines
thesenameswith the identifier of the object, so the polygonshave identifiersvc(Box, p1) and
ve(Box, p2) andtheanchorshaveidentifiersanchor(Boxa), anchor(Boxp), anchor(Boxgc) and
anchor(Boxd).

This subtletyis necessaryo allow the crossreferencingdescribedn Section4.5.2to work
correctly Otherwisethe namea would be a global identifier in the sceneand two different
shadav_boxeswould sharethe sameanchorandthe outputwould beincorrect. Namemangling
putsanchorsand objectcomponentsn differentnamespacesand componenidentifiersonly
have scopewithin the visual object. Note thatin the definition of shadev_box colour/2 the
anchorsa, b, c andd arein thesamenamespaceasshadav_box/2because¢hey referto thesame
object.Figure4.16shavsthenameexpansiorfor two differentinstance®f a shadev_box/2with
identifiers123and312

nchor(123,a) ve(123,1) nchor(123,b)
1234 _ _ _ _ _ ______ 1‘235 241
! | 1242
| |
|
| 1| ve(123,p2)
236 _ _ _ _ _ _ ______ 1237
nchor(123.¢) nchor(123,d) nchor(321,c) nchor(321,d)
1238 1247
240 ve(123,p1) 1239 249 ve(321,p1) 1248

Figure 4.16.0Objectcomponenhameexpansiorto preventnameclashes.

Anchor Expressions

The appearancef a visual objectis governedby the way its anchorsare positioned. Anchor
coordinatesannotbe absolutebecause¢hey mustmove to accommodatehild objects,suchas
in the shadav_box/2 example,andmustmove with the positionof the visualobject.

SVT implementsa very generalapproacho positioninganchors py declaringanchorsand
imposingarbitraryconstraint®nthem. Suchgeometricconstraintanbevery difficult to solve,
andis aseparatéopic [58]. Completelyarbitraryconstraintarein generainsoluble.

Theseconstraint@respecifiedn andhor expressionsn theobjectcomponentscontain(Child,
a+(5,-3),b+(-5,-3),c+(5,3),d+(-5,3))containgheanchorexpressiong+(5,-3) b+(-5,-3) c+(5,3)
and d+(-5,3) Theseanchorexpressionspecifythe four cornersof the container(top-left, top-
right, bottom-leftandbottom-rightrespectiely) andalsogive somepositionalconstraints.

An anchorexpressionis a termthat specifiesan anchor andalsoconstraintson thatanchor
It is a notationthatis intendedto give a directand concisemethodof specifyingthe position
of graphicalcomponentsn a visual object. Anchor expressionsare corvertedinto graphical
constraintsn the sameway asotherobjectcomponents An anchorexpressiormay be of the
form

Anchor

Theidentifierof ananchor Thisexpressiorcreateshegraphicalkconstrainanchor(anchor-
(Object,Anchor))
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Anchor+ Offset

An offset from a namedanchor This expressioncreatesthe graphicalconstraintsan-
chor(NevAnchor), offset(NevAnchor, Anchor, Offset) Offsetis a 2-D or 3-D vectorof
numbers.

Anchor2= Anchorl1+ Offset
An offsetbetweenwo namedanchorsgreatinghegraphicakonstraintoffset(anchor(Ob-
ject, Anchor2),anchor(ObjectAnchorl))

midpoint(Anchor1Anchor2)

A midpointbetweentwo namedanchorscreatingthe graphicalconstraintsanchor(Nev-
Anchor),midpoint(NevAnchor, anchor(ObjectAnchor1)),midpoint(NevAnchor, anchor-
(Object,Anchor2))

Anchor3= midpoint(Anchor1Anchor2)

A namedmidpoint betweentwo namedanchorscreatingthe graphicalconstraintsmid-
point(anchor(ObjectAnchor3),anchor(ObjectAnchorl)), midpoint(anchor(Objectn-
chor3),anchor(ObjectAnchor2))

Additional constraintsnaybeimposedon anchorsdependingnthe context in whichanchor
expressionareused.For exampleif ananchoris specifiedasthe cornerof a containesthenit is
alignedwith the othercornersof the container Anchorexpressiongppeamithin specifications
for polygons,text andcontainersput canalsoappearasobjectcomponents Someconstraints
canonly be specifiedasobjectcomponentssuchas

xalign(Anchorl1 Anchor2),yalign(Anchor1 Anchor2),zalign(Anchor1 Anchor2)
Constrainghe givenaxisto bealignedin bothanchors Generatethegraphicalconstraint
axis align(anchor(Object,Anchojlanchor(ObjectAnchor2),N) whereN is 0, 1 or 2.

Laying out Visual Objects

The constraintson the anchorsmustbe solved to give screencoordinatesfor the anchorsand
hencefor the graphicalprimitives. Whena visual objectrecevesan On_resetsize() call it must
assignrelative coordinatego all of its anchorgto find their extremaandthe size of the visual
object.

Thevisualobjectcantraversethe scenegraphto determinghe setof constraintghatit needs
to solve. Suchconstraintform a setof linearinequalities.Solving suchlinear systemss well
established an exampleof suchan algorithm can be found in [11]. Even somenon-linear
geometricconstraintsanbe solved, andalgorithmsfor solvingthesetypesof constrainttanbe
foundin [58]. Thepointto emphasizés thatary systemof constraintcanbespecifiedn Prolog
andimplementedn C++.

A simplelocal propagatiorsolver is implementedn SVT. The anchorsform a network of
valuesthatareconnectedy constraintsThebasicconstraintypesare

(4.3)

where , and arefloatingpointvariablesand , and arefixedvalues.Theconstraint
network is constructedor thethreecoordinatevaluesin eachanchorin thevisualobject.

Eachanchorexpressiorof theform A = B + (x,y,z) generateghe constraints

wherethe sufiix indicatesthe axis (1, 2 or 3). Eachconstraintof the form xalign(A,B),
yalign(A,B) or zalign(A,B) generatesneof the constraints
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Eachmidpointexpressiorof theform A = midpoint(B,C)generateshe constraints

Eachcontainmentomponenof the form contain(Child,A,B,C,D)wherethe dimensionof
Child are generateghe constraints

Eachcontainmentomponenbf theform contain(Child,A,B,C,D,E f&,H) wherethedimen-
sionsof Child are generatethe constraints

The constraintnetwork in the shadev_box/2 exampleis shavn in Figure4.17. Eachanchor
hasbeenassigned letter, andthenumberof constraintdbetweeranchorss shown.

Figure4.17.Theconstrainnetwork for the shadev box.

The object componentcontain(Child,a+(5,-3), b+(-5,-3), c+(5,3), d+(-5,3)) generateshe
following constraintgor theanchorexpressions

andthefollowing constraintdor the container
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wherethe dimension®f thecontainedbjectare . Theremaininganchorexpressions
in the definitionof shadev_box/2 generateéhefollowing constraints:

Theconstraintareimplementedy theclasshierarchyshovn in Figure4.18. Eachgraphical
componenthataddsanchorconstraintsontainghe constrainteasmembevariablessothe con-
straintnetwork is constructecautomaticallywhenthe scenegraphis created.For examplethe
classVoffset containghreeOffsetConstrairg, onefor eachaxis.

| PropValue | | PropConstraint |

| OffsetConstraint | | MidpointConstraint | | FurtherConstraint |

Figure4.18. A classhierarchyto implementconstrainsatisactionby valuepropagation.

Initially, all constraintvaluesaresetto NaN, a specialfloating point value usedto indicate
thatthevaluehasnotbeenset. Thenananchorin thevisualobjectis selectedrbitrarily, andthe
SatisfyConstraints(@nethodis calledfor eachof its threeaxes.

SatisfyConstraints@pplieseachconstrainfittachedo thevaluein turn. If thevaluesattached
to thatconstraintare changedthen SatisfyConstraints(js calledfor the changedralue. In this
way the network of constraintss traverseduntil every constraintis satisfied. Eachconstraint
ensureghatits valuesaremonotonicallyincreasingwhich preventsinstability of thealgorithm,
andatolerancemustbe usedto accountfor numericalroundingerrors.

It is possiblefor constraintgo be unsatisfiablesuchas and . This
algorithmwill not detectsuchinconsistencieshut a maximumiterationcountcanensurethat
the algorithmterminates.Eachtime a constraintis applied,a counteris decrementedandif it
reachegero,thealgorithmterminatesawarningmessagés printed,andthe currentincomplete
solutionis used.

Thereare mary moreadwancedtypesof constraintsystem[47], but eventhesesimplecon-
straintscanexpressvery variedvisual languages.The architectureof SVT would allow more
adwancedyeometricconstraintdo augmenthesebasicones.

4.7 Interaction

While viewpoint manipulationis implementedn C++, interactionwith the datais specified
entirelyin Prolog. Userinput eventssuchasmousemovesandkey pressesrepassedhrough
theGUI to SVT. SVT recevesthescreercoordinate®f mousenputsandinterrogateshescene
graphto determinethe objectsbeneatithe mousecursorthatthe userwasintendingto interact
with.

Theresultis anactiontermthatencodeshe users input. This encodes high level descrip-
tion of the actionsuchasa mousemove over a particularobject, ratherthanlow level screen
coordinatesTheactiontermsthatSVT generatesare:

click(Object,Buttons, Times) - The mousehasbeenclicked over object Object with the
mousebuttons Buttons Timestimes. Buttonsis the term [Left, Middle, Right, Shift],
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whereLeft is theleft mousebutton, Middle is the middle mousebutton, Right is theright
mousebutton,and Shift is the shift key, which areeitheron or off.

drag(From,To, Buttons)- A mousedragfrom object Fromto object To, with the mouse
buttonsButtons

key(Object,Key) - A key Key hasbeenpressedvith themousecursorover objectObject
linger(Object)- The mousecursoris restingover anobjectObject

menu(MenuContd, MenuText) - An item from a menuMenuContat with menutext
MenuText hasbeenselected.

move(ObjectButtons)- The mousecursorhasmovedover anobjectObject with mouse
buttonsButtons

4.7.1 Disambiguating Actions

It will oftenbe the casethatthereis more thanone objectbeneaththe mousecursor perhaps
because¢he objectsarenestedpr becausehe ‘line of sight’ beneaththe mousecursorintersects
severalobjects.Thesetwo casesreillustratedin Figure4.19.

Figure 4.19. Ambiguousmouseinput. The mousecursorindicatesmorethanoneobject,sothe
systemmustdecidewhich theuserintended.

The rule for selectingactionsis to allow only onevisual objectto be subjectto interaction,
sothe users input generategust a singleactionterm. Whenobjectsare nestedthe innermost
objectin the nestingis given precedenceThe action/3predicates queriedto determinef an
actionexistsfor thatobject. If not, its containingobjectis querieduntil anobjectwith anaction
is found.

In the 3-D casethe mousepositionwill indicatealine intersectinghe sceneratherthanjust
asinglepointasin the 2-D case.The camean positionindicatesthe view frustumandis stored
asapositionvector andthreeorthogonalnit vectorsforming a coordinatdramefor theviewer.
The mousepositionis indicatedby a vectorperpendiculato the planeof the viewer extending
alongthez-axisof theviewer. Thisline is transformedrom theviewer’s coordinatdrameto the
scenegraphs coordinateframe, and objectsin the scenegrapharetestedfor intersectionwith
thisline. Thegeometryfor suchtransformationganbefoundin [31].

In generala bounding-boxintersectiortestwith theline is all thatis needed By calculating
thedistancerom the objectto the viewer, precedencef actionscanbe givento objectsthatare
nearesthe viewer. Not every visual objectin the sceneneedgo be tested.Becausebjectsare
oftennestedchild objectsneedonly betestedf theline intersectgheir parentobject.

Oncethecorrectactionis found, its reactionis executedby the reaction/Zpredicate.
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4.7.2 Menus

The predicateaction/3 canalso specify menus. Eachmenuhasa termto identify it, calleda
menucontet. Theactiontermis of theform

menu(MenuContext, Description)

whereMenuContet is the nameof the menu,and Descriptionis the text thatappearsn the
menu.For examplea menuindicatingactionson anobjectcouldbe specified

action(menu(actions(File), ‘Compress file'), svt
compress(File)) -
file(File).
action(menu(actions(File), [Delete ', Name]), swt,
delete_file(File)) -
(file(File) ; directory(File)),
identifier(File,Name).
action(menu(actions(Class), 'Make all members public’),
svt,
to_public(Class)) -
java:class(Class).
action(menu(actions(), seperator), svt, []).
action(menu(actions(), ‘Exit  SVT'), svt, exit).

specifieghe menuactions(Objectjn anactioncontext svt This menuis automaticallycus-
tomizeddependingn whatobjectis corveyedin the menucontet. Menucontets do not have
to be parameterizedThe orderitemsappeartin the menumatcheshe orderin which they are
declared. The specialdescriptionseperators not displayedverbatimin the menu,but inserts
a horizontaldivider for aesthetiqpurposes.More complex menustructuresuchas sub-menus
couldin principlebedeclaredn asimilarway. Anotherexampleof amenuspecificationis given
in SectionC.5.1.

Menuscanbecreatedaseither'pop-up’ or ‘pull-down’. Theformeris displayedatthemouse
cursorposition, while the latter is invoked from the menubar. A pop-upmenuis createdby
calling

popup_menu(MenuContext)

which popsup the givenmenus,typically from the reaction/Zpredicate Pull-dovn menusare
declared

pulldown_menu(MenuContext, Description)

whichdeclareshatthemenuMenuContet with label Descriptionshouldbeputonthemenu-
bar

Whenanactionis selectedrom a menui,its correspondingeactionis executed.

4.7.3 Navigation

In SVT, navigationis achiezedby changingheview contet. Thisis doneusingthe new_view._-
contet/1 predicateor the new_view/2 predicatewhich alsochangeghevisualizationcontext.

new_view_context(NewViewContext)
new_view(NewViewContext, NewVisualContext)

Thenew conttsarepassedo the currentviewerwhich deletegheold sceneandconstructs
anew sceneasdescribedn Sectiond.5. nev_view_contet/1 or new_view/2 aretypically called
from reaction/2asaresponséo auserinput.
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SVT providesan actioncontext svt that navigatesto an objectby clicking on it, justasin
World Wide Webbrowsing. A click on the backgroundf theview navigatesbackwards,which
is canalsobe donefrom the Action menu. The mousecursorchangego indicatethe different
typesof navigation.

Eachobjectdeclaresvhich view contets areapplicableto it usingthe view/3 predicate.
view(Object, ViewContext, Description)

declareghatthe view context ViewContext canbe usedto visualizeobject Object and De-
scriptionis atextual descriptionof theview. For example

view(Directory, file_view(Directory), 'Files in directory’) -
directory(Directory).

view(Directory, directory_tree(Directory),
'Sub-directory tree’) -
directory(Directory).
view(Class, inherited_members(Class),
[Class  members inherited in ', Name]) :-
java:class(Class), identifier(Class,Name).
view([], all_picture_files, 'Picture files’).

declaredwo view contets for a directory onefor a Java classandonethatis not associated
with anobject. Whentherearemultiple views of anobject,thefirst declaratioris used forming
the default view contet for that object. Wherepossible the currentview context is reusedso
thatthetargetview is of the sametype asthe original. Navigationis implemented by

action(click(Object, [on,off,off,off], 1), swt,
navigate_to(ViewContext)) -
view_context(Object, ViewContext, ).

reaction(navigate_to(ViewContext), svt) -

new_view_context(ViewContext), L

Anotherway to changethe view contet is throughthe Contentmenu. The menu navi-
gate(Objectilisplaysall theview contextsthatcanbeusedo visualizeaparticularobjectObject
Theuserthenselectsa view contet from this menuandthe systemnavigatesto it. The Content
menuis declared

action(menu(navigate(Object), Description), Swt,
navigate_to(ViewContext)) -
view(Object, ViewContext, Description).

action(menu(navigate( ), seperator), svt, [

action(menu(navigate( ), 'Home’), svt, navigate_to(home)).

Whenthe userpresseghe right-handmousebutton on an objectin the scene the Content
menuis displayedto navigateto ary view of that object. The Contentmenuon the menubar
selectadifferentview of thecurrentobject. A Contentmenufor aclassis shavnin Figure4.20.
The optionHomegoesto theinitial view shavn in Figure4.3.

4.7.4 Selecting Graphical Form

Thevisualizationcontexts VisualConteat thatcanbe usedwith aview context ViewContet are
declared

3Additional checksarepresento ensurethatthegiven objecthasbeencorrectlyloaded.
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Figure4.20.A Contentmenu,usedto changeheinformationdisplayedaboutanobject.

visual_context(ViewContext, VisualContext)

The Form menuon the menu-barchangesghe visualizationcontet, andis shavn in Figure
4.21.Thedescriptiorfor eachmenuitemis declaredy thepredicatevisual context_description/2

andthemenuis declared

pulldown_menu(form(ViewContext), 'Form’) -
current_view_context(ViewContext).

action(menu(form(ViewContext), Text), swt,
set_vis_context(VisualContext)) -
visual_context(ViewContext, VisualContext),
visual_context_description(VisualContext, Text).

reaction(set_vis_context(VisualContext ), svt) -
new_visual_context(VisualContext).

Figure4.21.A Form menu,usedto changehevisualizationcontext.

4.7.5 Modifying the Action Relation

Interactive behaiour canbedisplayedandmodifiedby selectinghe Interactionview, which has
view contet actions(ActionContet) for an actioncontet ActionContet. This allows a more
userfriendly specificatiorof the actionrelationandprovidesinformationto the useraboutthe
interactve behaviour. Thisview is shavnin Figure4.22.

Selectinghe AddactionoptionontheAction menuaddsanew entryto thetable. Clicking on
theactiontext popsup a menushaving the differenttypesof actionthatareavailable,shavn in
Figure4.23(a) andselectingonechangesheactionrelationandupdategheview. Deleteaction
removesthe entry from the table. Clicking on the reactiontext popsup a menushaowing the
differenttypesof reactionthatareavailable,shavn in Figure4.23(b),andselectingonechanges
the actionrelationandupdateghe view. Thesemodificationsarenot currentlysavedfor future
use.

Optionsaredeclaredn the Actionsmenuby
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Figure 4.22. The Actionsview for displayingandmodifying the actionrelation.

(a) TheActionsmenu. (b) TheReactionsnenu.

Figure 4.23. Thepop-upmenusto changenteractve behaiour.

action_menu(Obiject, Action,  ActionText)

whereObjectis the objectbeingactedupon,Action is theactionterm,andActionText is the
text appearingn the actionsmenu. Object could alsobe a pair of objectssuchas|[A,B] for a
dragaction.Reactionsaredeclaredn the Reactionsnenuby

reaction_menu(Object, Reaction, ReactionText)

where Reactionis the reactionterm, and Reactionxt is the text that appearsn the menu.
The conditionontheactionis declaredy

user_action(Reaction)
Thedynamicpredicate
user_action(Action, ActionContext, Reaction)

storegthis mappingfor theactioncontet ActionContext. Theuserdefinedactionsareimple-
mentedby theclause
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action(Action, ActionContext, Reaction) -
user_action(Action, ActionContext, Reaction),
user_action(Reaction).

For example
action_menu([X], click(X, [off, on, off], 1),
'Single  middle-button click’).
reaction_menu([X], delete_file(X), '‘Delete  file’).
user_action(delete_file(X)) - file(X).
user_action(click(X, [on, off, off], 1), svt, navigate_to(X)).
user_action(naviagate_to(X)) - view_context(X, ), L

addsa single middle-kutton click action,a deletefile reaction,and specifiesnavigation be-
haviour for a left-mouseclick. In the casewheremultiple actionsaredeclaredor anobject,all
theactionsareexecuted.

4.8 The Legend

Graphicakcommunicatiorcanonly beeffective if theuseris ableto interprettheimage.Because
thegraphicabutputcanbesovaried,evenfor thesamedata thereis greatpotentialfor confusion
with notation renderingthevisualizationauseless.

To helppreventthis, alegendis providedby SVT to explain all of the graphicalnotationin a
view. Thisis awindow giving an exampleof eachsymbol,anda textual descriptionof whatit
denotesExamplesareshavn in Figure4.24.

(a) A legendfor adirectory (b) A legendfor amethod.

Figure 4.24.Legendsexplainingthe symbolsin aview.

The legendcommunicateshe visualizationrelationto the user Whenever the view context
or visualizationcontext is changedthelegendautomaticallyupdatestself to the new view. The
legendis displayedwhenthe userselectsthe Legend option from the View pull-down menu.
Whenmultiple mainwindows arebeingused the window with the mostrecentchangeupdates
thelegend.Thelegendcanalsoberesizedanddeletedvia thewindow manager
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4.8.1 Displaying the Legend

Thelegendis generatedik e ary otherview, andhasthe view contet legend(VewContet, Vi-
sualContgt), whereViewContet and VisualContet arethe view andvisualizationcontexts of
themainview. Thisview queriesheview contentusing

?- view_content(ViewContext, Content).

to determinghe contentContentof the objectview. It thenformsa setof termswith distinct
functors,which preventsduplicationof symbolsin thelegend.Thedescriptietext for eachentry
in thelegendis declared

content(Content, Type, Description)

which specifieghetype Type anddescriptve text Descriptionfor view contentContent The
legendqueriesthis predicateto determinethetext in thelegendentry.

Thegraphicalsymbolthatappearsn thelegendis declared
visual(Visual, Type, Description, Symbolld, SymbolVisual)

This specifiesthat whenthe visual Visual is displayedin the legend, the symbolis Sym-
bolVisual for an identifier Symbolld The type of the visualis Type The graphicalsymbol
SymbolVisualthatdepictsthe view contentContentis retrieved by

?- visual_content(Content, VisualContext, Visual),
visual(Visual, _+ _, Symbolld, SymbolVisual).

Oncetheview contentandits accompayping symbolhave beendeclaredusingthe content/3
andvisual/5predicatesthey areautomaticallydisplayedn thelegendwheneerthey areused.

Example 25. Thecontenttypefile/2is declaed.

content(file(File, Text), [+ld, str(Text)],
[A file named ’, Text]).

Thevisuallabeledicon/3is declaed

visual(labeled_icon(ld, Text, Icon), [+Id, str(Text)],
[A labeled icon of a ', Icon],
Symbol, labeled_icon(Symbol, Text, Icon)) -
icon(Ilcon).

4.8.2 Modifying the Visualization Relation

The secondfunction of the legendallows the userto edit the visualizationrelationto dynami-
cally modify how informationis graphicallyrepresentedThelegendhasan actioncontext that
displaysa pop-upmenuwhenanentryin the menuis clicked on by the mouse.This menudis-
playsa list of alternatve graphicaformsfor thedata,andthe currentgraphicalrepresentatiois
indicatedin themenu,asshavn in Figure4.25.

Selectingan option from this menuchangeghe visualizationrelationto usethe selected
graphicafform. Boththevisualizationrelationandthelegendareupdatedo reflectthe changes.
Figure4.26shovs anexampleof changinga visualizationrelation.

The menuof alternatve graphicalforms is found by determiningthe type Type of content
Contentandfinding compatiblevisualswith the sametype. Thequery

?- content(Content, Type, ),
visual(Visual, Type, Description,

— _)
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Figure 4.25.A menuproviding alternatve graphicalforms.

is usedo build themenu.Selectingavisual NewVisualfrom thismenumodifiesvisual content/3

by

?- retract(visual_content(Content, VisualContext, OldVisual)),
assert(visual_content(Content, VisualContext, NewVisual)).

Thepredicatesontenttype/2 andvisualtype/2describedn Section3.5aredefined

content_type(Content, Type) :- content(Content, Type, ).
visual_type(Visual, Type) :- visual(Visual, Type, _, _, ).

4.9 The Bookmarks

Selectingthe Bookmarksoption from the View menucreatesa row of five small windows as
shavn in Figure4.27.

Thesewindows canbe usedasplace-holdersr bookmarkgo storeviews for laterretrieval,
andshav a miniatureversionof the storedview. A singleleft mouseclick on the bookmark
will retrieveit to the mainviewing window. A right mouseclick will popup themenushownnin
Figure4.28.

TheBookmarkoptionsetstheview andvisualizationcontet of thebookmarkto thoseof the
mainview. The Retrieve optionsetsthe view contect andvisualizationcontext of the mainview
to thoseof the bookmark. The Swapoption exchangeghe view and visualizationcontexts of
the bookmarkandthe mainview. The Refieshoptionupdateghe bookmarledview if datahas
changed.

4.10 The Preview Window

Selectingthe Preview optionfrom the View window makesa Preview window appearasshovn
in Figure4.29.

This window canbe usedto displayary view, and SVT’s default actioncontext providesa
preview functionthatdisplaysthe objectbeneaththe mousecursor This givesapreview of what
navigating to that objectwould shav, without the userhaving to committo the navigation or
having to pressarny mousebuttons.The preview window is declared
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4.10. THE PREVIEWWINDOW

(a) Theinitial view. (b) Theinitial legend.

(c) Changethevisualizationrelation.

(d) Thenew view. (e) Thenew legend.

Figure 4.26.Changinghevisualizationrelationfrom thelegend.
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Figure4.27.A row of bookmarks.

Figure 4.28.TheBookmarksnenu.

action(linger(Obj), svt, zoom_context(ViewContext)) -
view(Obj, ViewContext, ).

reaction(zoom_context(ViewContext), svt) -
visual_context(ViewContext, VisualContext), I
new_zoom_view(ViewContext, VisualContext).

Naturally this behaiour canbe alteredto displaysomethingcompletelydifferentin the pre-
view window. Anothermeanf identifyingtheobjectbeneatithemousecursoris to look in the
statushar Whenthe mousecursoris movedoveravisualobjectX, if it hasatextual description
Text providedby the predicatelong identifier(X, Text), thenthattext is shovn in the statusbar
by calling the predicateset statustext(Text).

action(move(X), svt, display_text(Text)) -
long_identifier(X, Text).
reaction(display_text(Text), svt) - set_status_text(Text).

4.11 Chapter Summary

SVT is animplementatiorof the formal model of visualizationdescribedn Chapter3. It is
a general-purposeisualizationworkbenchthatis specifiedusingcompiledProlog. It provides
multiple windowsfor 3-D output,andincorporates 3-D modelviewerandawindow for editing
text. The executablds built aroundProlog,Motif andOpenGL,andrunsunderUNIX.

Eachview issuesa queryto Prologto returnthe graphicalconstraintgshatcomposehescene.
Theseconstraintsarecross-referencet createa scenegraph. Graphicallayoutalgorithmstra-
versethe scengyraphto assign3-D coordinateso the objectsin the scene Thesealgorithmsare
heldin virtual method=f the nodesof the scenggraph,andareinvokedto reset structure size,
resize positionandrendereachobject. SVT implementsa rangeof graphicaloutputwhich can
be extendedby deriving new classegrom theconstrainthierarchy

The graphicalvocalulary canbe expandedto provide more varied graphicaloutput. New
visualscanbe definedascombinationf existing visuals,andvisual objectscanbe definedin
termsof graphicalcomponentsandanchors. Anchor expressiongprovide a concisemeansof
specifyingconstraintshatallow objectsto be resizedcorrectly Visual objectsarelaid out by
satisfyingthe setof constraintcreatedby the objectcomponentandthe anchorexpressions.

Interactionis specifiedentirelyin Prologusingthesimplemodeldescribedn Chaptel3. Care
mustbetakento interactwith theintendedobject,whichis takento betheinnermostbbjectin a
nesting. Menusarealsospecifiedusingthis method,andcanbe completelycustomizedy the
data.Navigationis achievedby changingtheview context, which canbe doneby clicking onan
objectwith a view contet, from a pull-down menuor from a pop-upmenu. The visualization
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Figure4.29.ThePreview window.

context is alsochangedrom a pull-down menu. Thereis a view to displayandedit the current
actionrelation.

Thelegendwindow automaticallydescribesll the visual notationin the view, andcanalso
be usedto modify the visualizationrelationfrom a pop-upmenu. A bookmarksview provides
thumbnailsfor storingviews for later retrieval, and a preview view automaticallydisplaysthe
objectbeneattthemousecursor

SVT providesthe capabilityto specifya visualizationervironmentat a high level, andinter-
faceit to aknowledgedatabaseSVT canonly provide thescriptingandflexibility becausé uses
Prologto definethe behaiour of thesystem By itself, SVT doesnot provide ary visualizations,
thesemuststill be suppliedby anapplicationwritten in Prolog,andoptionally C++. Chapters
describe®nesuchsystenthatis usedto visualizesoftware.



Chapter 5

A Tool for Software Visualization

Thischaptedescribe®/max, aprogrammerstext editorbuilt on SVT, thatprovides
softwarevisualization.Vmax providesa browserwindow for visualizingthefiling
system,Java sourcecode, run-time data,and can edit Prolog graphically Vmax
dealswith all levelsof granularity from high level programstructuredo visualizing
sourcecode. SVT's architectureallows arbitraryqueriesof a programdatabaséor
veryspecializedriews, providing aninformation-richervironmentfor the program-
mer.

Theaim of implementingymax s to investigatehow softwarevisualizationcanbe
specifiedandscriptedwithin theenvironmentprovidedby SVT. The systemdemon-
strateshow to specify SV, alternatve views of the samedata, browsing, a broad
scopeshaving all levelsof granularity selectvely hidinginformation,andincreases
thenumberof graphicaliews availableto programmers.

5.1 Introduction

Vmaxis atext editorwith graphicalviews for visualizationandbrowsing. The graphicalviews
canvisualizealmostevery programobjectin a variety of formats,andmostobjectsin the views
canbe navigatedto by a singlemouseclick. Run-timedatacanalsobe gathereddisplayedand
animated. Vmax merely providesthe datato visualize,but SVT providesthe frameawork for
visualizationandnavigation.

Thevisualizationwindows cancontainary views generatedby SVT, anddisplayviews of the
filing systemthe programdatabase]asa sourcecodeandrun-timeinformation. Thevisualiza-
tion window providesa navigationandbrowsingfacility, by providing mary differentviews of
the programdatabaseincluding views of individual methodsor variables.Views aresetup to
link to relatedviews, sofor examplea view of a Java methodhaslinks to the variablesit refer
encesandthefunctionsit calls. It is possiblewith a singlemouseactionto navigateto the class
thatdefineghevariable,othermethodghatreferencehevariable,methodshatcall the current
method thereachabldunctions,or ary numberof userdefinedviews.

In designingVmax, the aim wasto anticipatewhatinformationa programmemneedsat ary
giventime, to provide no moreandno less,to anticipatewherea programmemvantsto navigate
andto minimizetheeffort requiredto getthere.SVT is veryflexible in specifyingits behaiour,
socanbetailoredheavily to suitthis kind of ernvironment.

Theviews andinteractive behaiour of Vmax merelyillustratethe possibilitiesof visualiza-
tion andnavigation,but noinvestigatiorhasbeendonehereof programmersheeds.Thiswould
requirequestionnairegsimedcompletiontasksanddetailedmeasuremeradf programmersactiv-
ities, which is beyondthe scopeof thiswork. Vmax producesctiity logsthatwould facilitate
sucha study Vmax shouldhowever offer benefitsover ordinarytextual programminghput there
is no empiricalevidenceto supportthis. Becausé/max providesall of the functionality of a
textual programmingernvironment,it shouldcertainlydo no worsethanatext editor.

81
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Vmax storesinformationasfactsin Prologs internaldatabase This meansthat the datais
notpersistenandneeddo bereloadedetweersessionsDirectoriesandsourcecodeareloaded
on demandwhenthe userattemptsto visualizethem. Lex and Yacc[2] are usedto lexically
analyzeandparsenputfiles, andthe parsetreeis passedo Prologfor analysis.This constructs
the programdatabase&vhichis storedin dynamicPrologpredicates.

Eachentity in the programdatabasés assigned uniqueidentifier, sofor exampleary file,
directory method,variable,class,or statementreall representedhy uniqueintegers. uid(ld)
returnsa new identifier Id which is guaranteechot to clashwith ary otheridentifier uid/1 is
implementedasa counterwhich returnsa differentinteger eachtime it is called. Representing
entitiesby uniqueintegersgivesefficient storageandindexing.

Run-timedatais gatheredy addingtracepointsto the Java sourcecode,whichinsertsa call
to outputavalueto atracefile. The Reflectiorpackaggava.lang.reflecanalyzeshe structureof
the valueto outputits contents.Tracecallscanbe addedto the sourcecodesimply by dragging
avariableto the pointin the sourcecodewherethe traceshouldoccut The generatedracefile
is readin andvisualized.

Java sourcecode can be visualizedas a visual programminglanguage either as a control
flow diagramor asa Nassi-ShneidermaBiagram[72]. Even expressionsan be visualized.
Prologcanalsobevisualizedasa visuallanguageandeven be usedto defineviews in a more
userfriendly manner

Vmaxprovides70view contexts, 133visuals,andincludesl51differentviews (if thedifferent
visualizatiorrelationsfor eachview context arecounted).Theseviews canbeextendedoy users’
Prolog,ascantheanalysisroutinesto provide furtherusefulinformationfor the programmer

5.2 Architecture

Vmax extendsSVT’s predicatesvith mary of its own for softwarevisualization.Someof these
areimplementedn C++. Thereare predicatedor lexical analysisusing Lex, parsingusing
Yacc[2], parsingdirectories,parsingrun-time data,analyzingJasa, analyzingrun-time data,
andvisualizingProlog. Many views andvisualshave beendefined.Its architecturas shovn in
Figure5.1.

Rules for Java

Rules for file system Rules for Prolog

SICStus

Operating Text
-

\
=
®
X

System Prolog

Buffers

Views Rules for run-time data
Visuals

Figure5.1. Thearchitectureof Vmax.

5.3 Text Processing

Text processings a significantpartof Vmax, becausét needgo parsedirectoriessourcecode,
run-timetracefiles, andallow the userto edit partsof files. To enablethis, a datastructureof
text nodesandtext buffers hasbeenimplementedaspartof SVT. Text buffersstoretext filesin a
singlearrayof text, andtext nodesarenodesn the parsetreeof atext file.
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A text nodestorespointersto a segmentof text asoffsetsinto atext buffer, soeachtext node
representablockof text. Theaddres®f thistext nodecanbepassedo Prolog,which canquery
its contentsor displayit in the editingwindow. Figure5.2 shawvs a datastructureof text nodes
andtext buffers.

Text Buffer

Root Text Node

Text Node Text Node Text Node
Text Node Text Node Text Node 4\ /H
4\ Text Node Parse Tree

Figure5.2. A datastructureof text nodesn atext buffer.

If atext nodes buffer is taggedasread-onlythensois its text in the editingwindow. When
text is edited,text movesin the buffer, and so the text nodesmustmove their pointersto new
positions. This is doneby traversingthe parsetree,andcanbe implementednoreefficiently if
text nodesstoretext offsetsrelativeto their parentsoffsets.

A text buffer canpipe the input or outputof a shell commandinto the text buffer, or load
andsave files. File text buffershave anassociatedilename. Eachtext buffer canalsohave an
associatedexical analyzerandparser An instructionto executethe lexical analyzer(in Lex) or
parser(in Yacc)on thattext buffer will invoke the correctone, sincethereare multiple lexical
analyzerandparsergompiledinto Vmax. It is evenfeasibleto parseasingletext node allowing
local updatego the parsetree.

A completdist of operationd’rologcanperformontext is givenin SectionB.2.5. A text file
is loadedby calling

create_file_buffer(Filename, Buffer, TextNode, Type)

which createsa file buffer for file Filenameandtype Type andreturnsthe addresf the
buffer Buffer andtext node(of thewholefile) TextNode The character€harListin atext node
TextNodecanberetrievedby calling

lexeme_string_list(TextNode, CharList)
A lexical analysiscanbe performedby calling
lex_buffer(Buffer, Lexemes)

whichreturnsthelist of lexemed_exemedor thebuffer Buffer, usingits lexical analyzer The
buffer canbeparsedy calling

parse_buffer(Buffer, Tree)

which returnsthewhole parsetree Treeasa largetermcorveying all of thetext nodesin the
parsetreefor buffer Buffer. A slight drawvbackof this methodis thata datastructurehasbeen
constructedor the entireparsetree,which is slow. Perhapghe parsershouldconstructProlog
termsinsteadof text nodes.

Prologcanitself parseusingdefiniteclausegrammas (DCGs)[75] thatcanreplacethe Yacc
parser Parsingwith aDCG is slower becausét executesn PrologandnotC.
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5.4 Director y Visualization

Vmax can visualize the computers filing system. It readsin directoriesoff disk and stores
thedirectorydatain Prolog’s knowledgedatabaseThe predicateensuredirectoryloaded(Rath)
loadsthegivendirectoryinto theknowledgedatabaselt executeshecommands -Lal andpipes
the outputinto atext buffer. This buffer is thenparsedusinga simpleDCG thatdescribeghe
formatof adirectorylisting. The DCG readsin thedirectorydataandputsit into the database.

Eachfile anddirectoryin thefiling systenis assigne@uniqueidentifier Eachfile or directory
alsohasa path,which is representedsa list, so that for example/usr/bin/netscapgould be
representeds[netscapebin, usr] Thepredicatepathid(Path, Identifier) determinesheunique
identifier Identifierfor eachpath Path

A completdisting of thefiling systenpredicatess givenin SectionB.3.1. Eachfile is stored
asafile(ldentifier) andeachdirectoryasdirectory(ldentifier) If afile isamemberof adirectory
then member(DirectoryFile) storesthatfile File is a memberof the directory Directory. The
contains/Zpredicategivesthetransitive closureof the member/Zoredicate.

Thefile File'snameNameis storedn filename(FileName) andits full pathPathin file_path-
(File, Path) The flags readable(Filg)writable(File) and executable(File)store information
aboutthe statusof the file. file_fullname(File, FullName) gives the full filename FullName
of thefile or directory and file_extension(File Extension)returnsthe file extensionExtension
(e.g. txt) of thefile. file_barename(FileBareName)givesthe filenamewithout its extension.
file_timestamp(File,TimeStamp)gives the file’s creationdate TimeStamp and file_age(File,
Age) givestheageAge of thefile in seconds.

The above predicategrovide enoughinformationfor a completefile browser The default
directoryview is shovnin Figure5.3.

Figure5.3. A view shawving the contentof a directory

The informationin this view includesthe directoryname,the files, their namestheir sizes,
theiragesandthetypeof thefile. If thetext window is open thedirectoryis listedthere. Thisis
alot of informationto presentsothevisualizationrelationcanselectwhatto displayandpresent
it in differentways. Theview is declared

view(Dir, directory_view(Dir), 'Directory contents’) -
directory(Dir).

view_content(directory_view(Dir), title(['Directory ', Name])) :-
long_identifier(Dir, Name).
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view_content(directory_view(Dir), text(Text)) -
text_node(Dir, Text).
view_content(directory_view(Dir), file(File, Name)) :-
member(Dir,  File), file(File), identifier(File, Name).
view_content(directory_view(Dir), directory(File, Name)) :-
member(Dir,  File), directory(File), identifier(File, Name).
view_content(directory_view(Dir), file_size(File, Size)) -
member(Dir,  File), file_size(File, Size)).
view_content(directory_view(Dir), file_age(File, Age)) -
member(Dir,  File), file_age(File, Age).
view_content(directory_view(Dir), executable(File)) -

member(Dir,  File), executable(File).

view_content(directory_view(Dir), source_code(File)) -
member(Dir,  File), source_code(File).

Threedifferentvisualizationf this view areshavn in Figure5.4.

(a)File sizes. (b) File ages. (c) Filesby age.

Figure 5.4. Alternative views of adirectory

Using SVT’sdefaultactioncontext, a singleleft mousebuttonclick on anobjectin thescene
navigatesto it, selectinghedefaultview for thatobject. Moving themousecursoroveranobject
displaysits identifierin the statusbar, andif the Preview window is open,the file or directory
beneaththe mousecursoris displayedin it. Directoriesareautomaticallyreadin asnavigation
proceeds.

Figure5.5. The Contentmenufor a directory
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Figure5.6. View shaving just Javafilesin adirectory

The otherviews of a directoryareselectedrom its Contentmenushown in Figure5.5. The
list of Javafilesin adirectoryis shavn in Figure5.6. This view is declared

view(Dir, java_dir(Dir), '‘Java files in directory’) -
directory(Dir).

view_content(java_dir(Dir), title(['Java files under ', Name])) :-
long_identifier(Dir,Name).

view_content(java_dir(Dir), class(File, Name)) :-
member(Dir, File),
java_source_code(File),
short_identifier(File, Name).

view_content(java_dir(Dir), directory(File, Name)) :-
member(Dir, File),
directory(File),
identifier(File, Name).

Directoriesare structuredn trees,which canbe displayedin a numberof ways. The basic
directorytreeis specified

view(Dir, dir_tree(Dir), 'Directory tree’) - directory(Dir).
view_content(dir_tree(Root),
title('Directory tree under ', Name])) -
long_identifier(Root, Name).
view_content(dir_tree(Root), directory(Dir)) -
self_or_contains(Root, Dir).
view_content(dir_tree(Root), contains(Dir1, Dir2)) -
self_or_contains(Root, Dirl),
directory(Dirl), member(Dirl, Dir2), directory(Dir2).
self_or_contains(Self, Self).
self_or  contains(Self, Child) :- contains(Self, Child).

A basicdirectorytreeis shavn in Figure5.7(a).Directorytreescanalsoshow files,asshovn
in Figure5.7(b),andthe hierarchycanberepresentet differentways,asshovn by Figure5.7.
Draganddrophasbeenimplementedo move files anddirectories.
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(a) Fish-g/e directories. (b) Fish-g/efiles.
(c) Hierarchydirectories. (d) List directories.
(e) Containedlirectories. (f) Containediles.

Figure5.7. Somedifferentviews of adirectorytree.
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5.4.1 MIME Types

A MIME typeis a “multipurposeinternetmail extension; usedfor declaringthe contentof a
file. MIME typescanbeimplementedstraightforvardlyin Prolog,by

mime_extension(Type, Extension)

to declarethata particularMIME type Type hasthefilenameextensionExtension Subtyping
of MIME typesis declared

mime_subtype(SuperType, SubType)
for MIME typesSuper¥peandSubType Applicationsto handleMIME typesaredeclared
mime_application(Type, Description, Application)

whereDescriptiondescribesheapplicationand Applicationis thelocationof theexecutable.
MIME typesprovide relevantapplicationprogramdor afile, which appeamautomaticallyonthe
Action menuof afile asshavn in Figure5.8. Selectinganapplicationexecutest with thegiven
file.

Figure5.8. MIME typesaddapplicationgo the Action menuof afile.

5.5 Analyzing Java Source Code

5.5.1 Constructing the Program Database

BeforeJavacanbevisualizedt mustbereadin to PrologsknowledgedatabaseThisis achieved
by parsingJava sourcecodeand analyzingthe parsetree using languagerulesfrom the Java
LanguageSpecification35]. Theserulescanbe expressedjuite naturallyin Prolog. Program
analysidtself is well understoodforming the basisof all compilers.

Java sourcecodeis loadedon demand,andthe programdatabasédthe databasehat stores
informationaboutthe program)is storedin dynamicpredicatesn memoryandis thereforenot
persistentThe programdatabaseouldbe storedexternallyto makeit persistentbut thatwould
have beenslowver andslightly morelaboriousto implement.

Thepredicateensurgjava_loaded(File)is invokedto loadthegivenfile File. This predicatds
calledfrom ensurefresh/Iwhenanattemptis make to navigateto a Java sourcefile, or from the
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Loadall Javafilesoptionis selectedrom the Action menuof adirectory ensurejava loaded/1
loadsthegivenfile into atext buffer, andinvokesLex andYaccto returnthe parsetreeof theJava

file.> TheLex andYaccscriptsfor the Java syntaxcanbe derived from the LALR(1) grammar
in the Java LanguageSpecificatior35]. Alternatively a compilerfront endcould beinterfaced
directly to Prolog.

Theparsetreeis in theform node(¥pe, TextNode, , ,... ) whereTypeisaninteger
identifyingthenode, TextNodeis theaddres®f thetext node,and aretermsof thesame
form. Leaf nodesof theform node(¥pe, TextNode)representexemes.

Thisparsdreeis analyzedy patternrmatchingtheparsetreewith theproductiorrulespresent
in the Java grammar For examplethis codeexcerpt

program_file(node(118,_,P,I,T), File) :-
package_statement(P,File,Package),
import_statements(l,File),
type_declarations(T,locale(Package,File,[] 1))

matcheonepossiblestructureof theroot node. Thereis a clausefor eachproductionrulein
theJaragrammar Thepredicateshattraversetheparsereealsostoreinformationaboutthe Java
file in Prolog's database- this partof of Prologs databaseouldbecalledtheprogramdatabase.
Thepredicatgava:prograntfile(Tree,File) addsthe Javafile File to theprogramdatabasgiven
its parsetree Tree Thefile’s buffer Buffer is storedjava:tuffer(File, Buffer). Note that the
predicateselatingto Java have beenputin theseparatenodulejava

Thefirst partof aJavafile is its packagealeclaratiorandits importdeclarationsThepredicate
java:package(FilePackage)storedthefile's packagePackageasalist of names.The predicate
java:importdeclaration(FileJd, Import) storesthatthe file importsthe packagelmport, so for
examplejava.util. Hashtablevould be represented'Hashtable’, ‘util’, ‘java’l. Id is the unique
identifier of the import statement. The predicatejava:importall_declaration(File,ld, Import)
storegthatthefile importsall classesrom the packagdmport

Classandinterfacedeclarationgorm the body of the Javafile. EachdeclarationDeclaration
in thefile is storedas member(File Declaration) and java:declaration(DeclaratioligGlass Tpe,
Modifiers, Extends,Interfaces,ClassHeader)Classype is the type of the class,eithera class
or aninterface Modifiersis atermrepresentinghe modifiersspecifiedfor the declaration of
the form modifiers(AbstractFinal, Access,Static, Transient,Volatile, Native, Synchronized)
Extendsis thenameof the classthis declaratiorextends.Interfacesis alist of the namesof the
declarationshisclassmplements.ClassHeadeis thetext nodeof theclassheaderAdditionally
text_node(DeclarationText) storeshetext nodeof theentiredeclaration.

Eachdeclaratiors membersMemberarestoredin the member(Declaratiorlember)pred-
icate. Thetype of thememberis indicatedby the java:variable(Memberandthe java:method(-
Member)predicatesto determinevhetherthe memberis afield or amethod.

Variablesare storedas java:variable(\ariable, Type, Modifiers) where Variableis the iden-
tifier of the variable, Type is a term denotingits type, and Modifiers is a term describing
the modifiersappliedto the variable. If a variableis a parameteto a method,thenthis fact
is storedjava:parameter(&fiable) If a variable hasan initializer, then this value is stored
javainitializer(\ariable,Expression)where Expressioris a term denotingthe expressionthat
initializesthevariable.

Methodsare storedjava:method(Method]ype, Modifiers, ParametersThrows, BlockStmt,
Statements)where Type is the returntype of the method, Modifiers are the modifiersof the
method,Parameterss thelist of parametersf themethodwhichis alist of variableidentifiers.
Throws is alist of classnameghatthe methodcanthrow, BlockStmtis the block of statements
Statementshatmalke up the methodbody.

Constructorgiretreatedasmethodsput the predicatgava:constructor(Methodhdicateghat
themethods reallya constructarStaticinitializersto classesredeclaredava:staticinitializer(-
Id, Block, Statementspand non-staticinitializers as java:nonstatidnitializer(ld, Block, State-
ments)whereBlock is ablock of statementStatements

1Thefirst versionof Vmax visualizedC++. Its grammatis not LALR(1), soa DCG wasused.
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Statementsire storedjava:statement(Statement)here Statements the uniqueidentifier of
the statement.Eachblock Block of statementss storedjava:block(Block,Statements)where
Statementss alist of statemenidentifiers.A block statemenis storedava:block statement(Stat-
ement,Block, StatementsvhereBlock is the block of statementStatementshatmake up the
block statement.An expressionstatementis storedjava:expressionstatement(Statemerx-
pression)where Expressionis the term representinghe expression. A conditionalstatement
is storedjava:conditionalstatement(Statemer@ondition, CText, Then,Else) whereCondition
is a term representindghe conditionexpression,CText is the text nodeof the condition, Then
is the identifier of the then statementand Elseis the identifier of the elsestatement.A while
statemenis storedjava:while statement(Statemer@pndition,CText, Body), whereBody s the
statemenof thebodyof theloop. Theothertypesof statemenarestoredjava:breakstatement/1
java:breakstatement/Java:casestatement/3ava:conditionalstatement/4java:continuestate-
ment/] java:continuestatement/Zjava:declaratiorstatement/Zjava:defult statement/ljava:-
do while_statement/djava:emptystatement/,1 java:for_statement/8java:labelledstatement/2
java:returnstatement/Jjava:returnstatement/gdava:synchronizedgtatement/4ava:throv_stat-
ement/2andjava:try_statement/6- thesepredicategaredocumentedh SectionB.3.2.

Expressionsn statement®r declarationsrerepresentethy terms. Prefix, postfixandinfix
operatorOperatorarerepresentetdy prefix(Operatark), postfix(OperatqrE) andinfix(Oper-
ator, A, B) respectiely on expressionsA, B and E. A conditionalis representedy condi-
tional(CondA, B) for aconditionexpressionCond Castexpressiongrerepresentedast(ype,
Expr), whereTypeis thetypeof thecast.Qualifiednamesrerepresentedsqualified name(Na-
me) whereNameis alist of atoms.Literalsarerepresentedly literal(String) whereStringis the
charactersn theliteral. Methodcalls arerepresentednethodcall(Method,Parameterswhere
Method is an expressionspecifyingthe method,and Parameterds a (possiblyempty) list of
expressionsA memberaccesss representedield access(ExpiField), whereField is thename
of themember A classinstantiationis representedev_class(¥pe, Parameters)vhere Type is
the classto be instantiatedand Parameterss the list of expressions.An arrayinstantiationis
representeaiew_array(ype, DimExprs,Dims), where Type is the typefor instantiationwith a
list of dimensiorexpression®DimExprsof Dims dimensions.

Typesin expressionsor variablesare also representedby terms. A primitive type is rep-
resentedorimitive(P) where P is one of the primitive typessuchas booleanor double A
namedtype is of the form named(NamefFile), where Nameis a list of identifiers(for exam-
ple java.util. Hashtablevould be [‘Hashtable’, ‘util’, ‘java’l), and File is thefile thatthe type
appearsn. Thefile is important,becausaifferentnameamayreferto differentclasseslepend-
ing uponthefile they arein. An arrayof atypeis of theform array(Type) whereTypeis atype
term. Array typescanbenested.

The Java sourcecodecan be rescannedising the java:rescatfile(File) predicateto rescan
the file File. This traversesthe programdatabasend calls retract/1to remove the datafrom
the databaselUpdatingthe programdatabasés necessaryn an editing ervironmentwherethe
sourcecodecanchange.

5.5.2 Analyzing the Program Database

Vmax addsa numberof predicatesor deriving varioustypesof informationaboutthe program,
which augmenthe programdatabaséo provide informationfor visualization. Therulesusedto
implementthesefollow from the Java LanguageSpecificatior[35].

Thepredicatgava:directsupertype/dindstheimmediatesupertypef aclass java:supertype-
/2 findsary supertypeof a class,java:directsubtype/Zfinds a classs immediatesubtypesand
java:subtype/Zindsall subtypesf a class.java:directsuperinterfice/2findstheinterfaceshat
aclassimplementswhile java:superintedce/2findsall interfaceshata classimplements.The
predicatgava:classmember(Class/lember)givesclassmemberdviemberof aclass,jncluding
thoseinheritedfrom supertypesjava:classmethod(ClassMethod) givesthe methodsMethod
belongingto a class,ncludingthoseinheritedfrom supertypes.

The predicategava:is abstract/] java:is native/l, java:isprivate/] java:is protected/land
Jjava:is public/1 returninformationaboutthe statusof membersandmethods.
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The predicatgava:containsstatement(Statement$tatement2)eturnsall statementsState-
ment2thatare containedwithin the (possiblycompound)statementStatement1The predicate
java:methodcontainsstatement(Methodtatementuseghisto returnthestatementStatement
containedwithin a methodMethod java:statemenéntry point/2 returnsthe entry point (first
statemenexecuted)within a compoundstatementjava:statemeneéxit_point/2 returnsthe last
statemengxecutedandtheremaybemorethanone,for exampledueto branching java:method-
_entry point/2 givesthefirst statemenéxecutedn a method andjava:methodexit_point/3 gives
the last statementand againthere may be multiple solutionsavailable by backtracking. The
predicatejava:statementollows(Method,Statement1Statement2]ransition)returnsall pairs
of sequentiallyexecutedstatementsStatementiand Statement2n a method thetransitiontype
Transitionbeing case(X) default else for, sequencethenand while, to indicatethe different
circumstancem which the statementfollow. Exceptionhandlingis notindicatedby this predi-
cate.

The predicatejava:subexpression(ExprlExpr2) returnsthe sub-epressionsExpr2 of an
expressionExprl java:suhexpressiondecl(StatementDecls1,Expr, Decls2)returnsthe sub-
expression€Expr of astatemenstatementndalist of declaration®ecls2thatapplyto thesub-
expression.Thepredicatgava:methodsub expression(Method=xpr, Context) usesthisto find
the sub-epression®f a method,andreturnsthe context Context in which the expressiorused,
whichincludesthelocal declarationsndthe class.The predicatgava:expressionreference(Ex-
pr, Contet, Variable)returnsvariablesVariablereferencedy the expressionandjava:express-
ion_calls(Expr Contect, Method2) returnsthe method Method?Z called by the given expres-
sion. EventhoughMethod2may be overridden this predicatedoesnot checkthis possibility.
java:expressiontype(Expr Contet, Type) returnsthe type of an expression.java.find declara-
tion(Type,Class)givestheclassClassof atype,if it exists. Thepredicatgava:methodcalls(Me-
thod1,Method2)returnsthe methodsVlethod2thatmaybe calledby methodMethod1 java:re-
achable(MethodIMethod2,Prey, Visited) returnsall methodsVlethod2thatarereachabldrom
Method1 where Prev is the calling methodof MethodZ2 and Visited is a list of methodsthe
searchalgorithmhasbeenbefore,to ensurgermination.

The completelist of predicatedor Java sourcecodeis givenin SectionB.3.2. Thesepred-
icatesmerely scratchthe surfaceof algorithmsthat canprovide meaningfulinformationabout
a program. Unfortunatelythereare no short-cutsin their implementationput directaccesgo
the programdatabaseandthe ability to add new predicateghat build on old ones,meanthat
Prologis a suitablemeta-languagéor programs Prologis suitedto analyzingJasa sourcecode
becausds datastructuregexpressionstypes,parsetrees)areall treeswhich canberepresented
straightforvardlyasPrologterms,Prologhasits own internaldatabas#hichactsastheprogram
databaseandbecausdava’s languageulescanbeexpresse@sPrologclauses.

5.6 Java Visualization

5.6.1 Visualizing Files, Classes and Packages

Clicking on Java sourcecodefile will loadandnavigateto thatfile. The default view for afile
shavsthemainclass(or interface)in thefile, shavn in Figure5.9.

Anotherview of afile shawvs the overall structureof the file, shovn in Figure5.10, which
putsthewholetext file in the editingwindow. Eachof theitemsin Figure5.10canbe navigated
to, so for example, clicking on the packagenavigatesto the packageclicking on the import
declarationmavigatesto the classesndicated andclicking on a classnavigatesto thatclass.

The classview shaws the classmembersand methods,excluding thoseinheritedfrom su-
pertypesandinterfacesandincludesinformationaboutthe memberssuchaswhetherthey are
public, native or abstract Eachsymbolin theview canbe navigatedto. Thesizesof themethods
areindicated.Thetext of theclassappearsn theeditingwindow. Thisview is declared

view(Decl, java_decl(Decl), 'Class contents’) -
java:declaration(Decl).
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Figure5.9. Themainclassof afile.

Figure5.10. Theoverview of a Javafile.
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visual_context(java_decl(Decl), class).

view_content(java_decl(Decl),

title(['Java ', Type, ' ', Name]) ) :-
java:declaration(Decl, Type, ., _, _, )
long_identifier(Decl, Name).
view_content(java_decl(Decl), text(T)) - text_node(Decl, T).
view_content(java_decl(Decl), variable(Var, Name)) :-

member(Decl, Var),
java:variable(Var),
identifier(Var, Name).

view_content(java_decl(Decl), method(Method,  Name)) :-
member(Decl, Method),
java:method(Method),
identifier(Method, Name).

view_content(java_decl(Decl), native(Method)) -
member(Decl, Method),
java:is_native(Method).

view_content(java_decl(Decl), abstract(Method)) -
member(Decl, Method),
java:is_abstract(Method).

view_content(java_decl(Decl), public(Member)) -
member(Decl, Member),
java:is_public(Member).

Thealternatve views of aclassareselectedrom its Contentmenushawn in Figure5.11.

Figure5.11. The Contentmenufor a classor interface.

Theview of aclassincludingall of its inheritedmemberss shovn in Figure5.12. Variations
of this view shav only methods yvariablesor public inheritedmemberqFigure5.13). Figure
5.14shavsthe supertypesndsuperinterdcesof a class,andtheseviews arecombinedo shav
membersn supertypesn Figure5.15.

A view shawving the subtypeof aclassis shavn in Figure5.16,andaview giving theimple-
mentationgor aninterfaceis shavnin Figure5.17. Thereareviews shaving all typedeclarations
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(Figure5.18)andall interfaces(Figure5.19). The completeclasshierarchyis shovn in Figure
5.20.

As mentionedpreviously, eachitem in theseviews canbe navigatedto by clicking on them,
andnavigatingto a particularview for thatobjectis achiezed by right-clicking on the objectto
popupits Contentmenu.

Figure5.12. A classview includingall inheritedmembersandmethods.

Figure5.13. A classview of all publicinheritedmembersandmethods.
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Figure 5.14. Thesupertypesindinterfacesof a class.

(a) All members. (b) Al membergfish-eye).

(c) Variables. (d) Methods.

Figure5.15.A classview giving memberof supertypes.
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Figure5.16. Thesubtypeof aclass.

Figure5.17. Theimplementationsf aninterface.
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Figure5.18.All classegndinterfaces.

Figure5.19.All interfaces.
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Figure5.20. Thewholeclasshierarchy
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5.6.2 Visualizing Cross-ref erences

Theinformationfrom programanalysisn Section5.5.2is usedto construciavariety of viewsto
shav how programobijectsrelateto eachother

The classreferencesiew in Figure 5.21 shavs which declarationtypesare presentin the
given class. The referencedetweenall classess shavn in Figure5.22. This view canbe
restrictedto a particularpackage.The Declarationsof classview in Figure5.23 givesall the
placeqin methodsandclassesyvherethegivenclasshasbeendeclared.

The Placesclassthrownview in Figure5.24 givesall the methodswvherethe classis throwvn
asanexception.

Thereachablenethodof amethodin Figure5.25show all of themethodghatarereachable
from agivenmethod.TheCallsto methodview shavsall of themethodghatmaycall thegiven
method.The Methodcalls within classview of a classshovs which methodscall othermethods
within a class,in Figure5.26. The completecall graphcanbe shawvn, but this is lessuseful
becausdt is solargeandthe graphicalayoutalgorithmhasdifficulty finding agoodlayout.

It is not possibleto determineexactly which methodsget calledwhere. For examplesome
section®f codearesemanticallydead”,andwill nevergetexecutedlt is generallynotpossible
to determinewhich methodgetsexecutedn a methodinvocation,becausehat methodmay be
overriddenby a subtype,andonly methodsthat are final canbe guaranteechot to be overrid-
den.Furtherprogramanalysiscouldrestrictwhich methodamightbe called,but Vmax doesnot
attemptthis. The Overriding methodsview shows the methodsthat overridea given method,
andthe Overriddenmethodwiew shavs all of themethodghathave beenoverriddenby a given
method.

TheRefeencesf methodview in Figure5.27shavsall of themethodsandvariablesusedoy
the method. The Refeenceswithin classview in Figure5.28shav which classmethodsaccess
which membewariables.The Reahablerefeiencesview of a methodin Figure5.29combines
the reachablemethodswith the methodreferenceso give a tree of all the variablesthat are
reachabldrom the currentmethod.

Clicking on ary classmemberwill navigateto it. Navigatingto a variablewill go to the
type of the variable,if available,or to a view shaving all of the methodswherethe variableis
referenced.

Becausemethodcallsandvariablereferenceganbetime-consumindgo compute(especially
for a view that hasto scanthe entire database)thereis the option of precomputingcross-
reference$rom the Action menu. This constructghe dynamicpredicatesachedcalls(M, M2)
andcachedreferences(My) which storewhich methodsV useothermethodsVi2 or variables
V. Thesebehae exactly the sameasmethodcalls/2and methodrefs/2 but aremuchfaster

Figure5.21.Classeontainedvithin aclass.
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Figure5.22. Membershipof classewithin others.

Figure5.23.Placesvhereaclassis used.

Figure5.24. Methodswherea classis thrown.
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Figure5.25.Reachablenethods.

Figure5.26.Methodcallswithin a class.
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Figure 5.27.Methodsandvariablesusedby a method.

Figure5.28. Variableusagewithin a class.
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Figure5.29.Variablesandmethodgseachabldrom a method.
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5.6.3 Visualizing Methods

Navigating to a methodwill give a graphicalrepresentatiomf the methodbody, asa Nassi-
ShneidermaDiagram[72], whichis anestablishedraphicarepresentatiofor block-structured
code.Colourhasbeenintroducedo highlightthedifferenttypesof statementThebasicmethod
view is shavn in Figure5.30.

Figure5.30. Thedefaultview of amethod.

Theview alsocontainsall variablesthatthe methodreferencesandall methodghatmaybe
called,providing easynavigationto them. Differentvisualizationrelationsfor this view cangive
differentforms of the code,andFigure 5.31 shaws this andin particularthe effect of adding
colourto a Nassi-ShneidermaRiagram. The graphicalstructureof thesediagramss specified
entirelyusinglinearconstraintslescribedn Section4.6.1.

It is even possibleto modify the visualizationrelationin the Legendto turn one of these
views into ary other andFigure5.32showns how text canbetransformednto a colouredNassi-
Shneidermaiiagram. At eachstep,a differentnotationhasbeenselectedn the Legend,thus
transformingheview.

Thereare someblock constructghat Nassiand Shneidermarcould not anticipatein 1973.
A synchronizedlock is shavn in Figure5.33anda try-catch-finallyblock is shavn in Figure
5.342 Therearemary otherpossiblenotations.

Switch statementsvith mary optionstendto make the diagramvery wide, andthisis shavn
in Figure5.35(a). A modificationto this notationto rectify this is shavn in Figure 5.35(b),
whichalsoreflectsJava’s semanticshatunlesshereis abreakstatementgaserulesareexecuted
sequentially

Differentmethoddisplaysare obtainedfrom the methods Contentmenushawn in Figure
5.36. Another meansof representinghe methodcodeis througha flow graph. This shavs
controlflow betweerstatementé amethod.Differenttypesof transition(suchasthebranchof
acondition)arelabeledandindicatedby differentcolours,asshavn in Figure5.37.

Exceptiongpresenproblemsbecausgotentiallythey canbethrown atarny pointduringatry
block, it is difficult to analyzewhich exceptionscouldbethrown atwhich points,which handler
would handleit, andcould obfuscatehe flow chart. For thesereasonghey arenotshawn in the
flow graphs. Synchronizedlocksare alsodifficult to representn a flow graph,andonly the
entry pointof a synchronizedlockis indicated.

A final representatiofor amethodextendsNassi-Shneidermatiagramgo visualizeexpres-
sionswithin statementsAn exampleis shavn in Figure5.38.

2Thanksto Alan Blackwell for suggestinghese.
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(a) Indentedtext.

(b) Nassi-Shneidermabiagram.
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(c) ColouredNassi-Shneidermabiagram.

(d) 3-D block structure.

Figure5.31.Differentrepresentationsf block structureccode.



CHAPTERS. A TOOL FORSOFTWARE VISUALIZATION 107

(a) Theinitial view. (b) Theinitial legend.

(© (d)

(e) ®

() (h)
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0] (i) Thefinal view.

(k) Thefinal legend.

Figure 5.32. A textual representatiorof codeis transformednto a visual one by selecting
differentgraphicaformsin thelegend.

(a) Black andwhite. (b) Colout

Figure5.33.A synchronizedblock.
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(a) Blackandwhite. (b) Colour

Figure5.34.A try-catch-finallyblock.
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(a) Traditionalhorizontalswitch statementayout.

(b) A verticallayoutof a switchstatement.

Figure 5.35. Alternative graphicalformsof a switch statement.
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Figure 5.36. The Contentmenufor methods.

(a) Blackandwhite. (b) Colout

Figure 5.37.Controlflow within a method.
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(a) Theview.

(b) Thelegend.

Figure5.38.Nassi-Shneidermadiagramswith colourandexpressiorvisualization.
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5.7 Analyzing Run-time Data

Run-timedatais gatheredrom a Java programby insertingtracepointsinto thesourcecode and
recompilingit. Whenthe Java programexecutesthesetracecalls outputthe run-timedatato a
tracefile. Vmaxreadshisfile andaddsthedatato Prologsknowledgedatabaséor visualization.

5.7.1 Adding Trace Points

Tracecalls canbeinsertedinto the sourcecodemanually(simply by typing them),or automat-
ically. The Action menuof a statemen{obtainedby clicking with the middle mousebuttonon

the statementhasthe option Trace expression.. which popsup a dialog box promptingfor the

expressiorto traceat thatstatementThisis shaovn in Figure5.39.

(a) A statemens Action menu. (b) Thetraceexpressiordialogbox.

Figure5.39. Tracinganexpressiorby clicking on a statement.

The easiestvay to tracea variableis to dragthe variableto a statementwhich will tracethe
variableat that statementThis hasexactly the sameeffect asenteringthe nameof the variable
in thedialogboxin Figure5.39(b). Thefully qualifiednameof the variableis usedasthetrace
expressionto disambiguatét from othervariableswith the samename.Figure5.40illustrates
this method whichworkswith bothblock structuredandflow chartnotationsof the sourcecode.

Whenatracepointis insertedthefact
java:trace_point(EventNo, Expression, Statement)

is addedto Prolog’s databasewhere EventNois a uniqueidentifier, Expressioris thetrace
expressiortext, andStatemenis theidentifierof thestatementThetext svt.trace.trace(FentNo,
“Expression” Expression)js insertednto thetext buffer beforethe statemenStatement

All thetracepointsin a Javafile canberemovedby selectinghe Remeetracepointsoption
from thefile’s Action menu.

5.7.2 Generating the Trace File

After all of the tracepointshave beenadded the programis recompiledand executed. When
a java.lang.Objects passedo svt.trace.trace(t usesthe Reflectionpackagegava.lang.reflect
to probethe contentsof the object. This allows run-timequeryingof datatypes,includingfield
namestypesandvaluesandis usedto extractall of the informationaboutthe objectfor output
to the tracefile. Unfortunatelyjava.lang.reflecican only probe public memberswhich is a
necessargecurityfeature.lf acompoundbject(derivedfrom java.lang.Objedtis encountered,

3This could changethe semanticof the program soideally amoresophisticateanethodis required.
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Figure5.40.Thevariableis ‘draganddropped’ontothestatemento automaticallyinsertatrace
of thevariablein front of the statement.

thenits membersretracedrecursvely, but a hashtable (java. util. Hashtablestoreshe Objectk
that have alreadybeenencounteredio preventthe traceroutinefrom enteringinfinite loopsin
cyclic datastructures.

Eachtime svt.trace.trace(Eent,Name,Expression])s called,it outputs

Event. eventno
Name: name
TimeStamp: time

to thetracefile, whereeventnois the eventnumberEvent nameis the nameof theevent,and
thetimeis thetimein millisecondsdrom thestartof the program.Thenext outputis Expression
An int is output
IntegerValue: value
wherevalueis the valueof theinteger. A float or a doubleis output
FloatValue: value

wherevalueis the valueof thefloat. An arrayis output

ArrayLength: length
contents

Wherelengthis thelengthof thearray and contentss lengthvaluesthatmake up the array
A null objectis output

Object:  null

andajava.lang.Objects output
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ClassName: class

ObjectNo: id
Fields: fields
members

whereclassis the nameof the objects class,id is anintegerassignedo the object, fields is
the numberof fieldsin the Object,and membersarethe memberf theclass.If theobjecthas
beenoutputpreviouslyin the sameevent,theninsteadt is output

ObjectNo: id
Thefield membersareoutput

FieldName: name
value

wherenameis the nameof thefield, and valueis its value. Fieldsandarraymembersanay
themselesbe objectsor arrays.

5.7.3 Reading the Trace File

A tracefile is readby navigatingto it. The ensuretraceloaded(File)predicates calledwhich
readsthefile File. Thetracefile is readinto a buffer, anda lexical analysisis performedon it
usingLex. Thelexemesareparsedisingthe DCG [75]

trace_file([]) >

trace_file([H|T]) --> input(H), trace_file(T).

input(input(E,T,V)) -->  event(E), time(T), value(V).
input(input(E,N,T,V)) -->  event(E), name(N), time(T), value(V).
name(N) --> "Name: ", string(N).

event(E) --> "Event: ", integer(E).

time(T) --> "TimeStamp: ", integer(T).
value(integer(l)) --> intvalue(l).

value(float(F)) --> floatvalue(F).

value(array(L)) --> array(L).

value(O) -->  object(O).

intvalue(l) --> "IntegerValue: ", integer(l).

floatvalue(F) --> "FloatValue: ", float(F).

array(L) -->  "ArrayLength: ", integer(N), values(N, L).
values(O, m -->

values(N, HT) --> {N>0, Mis N-1}, value(H), values(M).

object(nullobject) -->  "Object: ", "nullt.
object(object(ld)) -->  "ObjectNo: ", integer(ld).
object(object(ld, Class, Fields)) -->

"ClassName: ", string(Class),

"ObjectNo: ", integer(ld),

"Fields: ", integer(F), fields(F, Fields).
fields(O, m -->

fields(N,  [H[T) ->
{N>0, Mis N-1}, fieldH), fields(M,  T).

field(field(Name, Value)) -->
"FieldName: ", string(Name), value(Value).
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TheimplementedCG readslexemesslightly differently (usingthe token/2 predicate)and
alsoaddsthis datato Prologs databaséy addingfactsto the dynamicpredicatedrace:@ent/5
andtrace:alue/3 Eachinputeventis stored

trace:event(Input, File, EventNo, Time, Value)

wherelnput is a uniqueidentifierfor the input number File is theidentifier of the tracefile,
EventNois the eventidentifier, Time is the time stampof the event, and Valueis the unique
identifierof theinputvalue.Eachinput valueis stored

trace:value(Value, String, Term)

where Valueis the uniqueidentifier of the value, String is a string that describeghe value
(suchasmyarray[5].X), and Termis atermthatstoreghevalue. Termcanbe

array(\&lues)- An arraywith alist of valuesValues
float(Float)- A float or doublewith value Float
integer(Int) - An integerwith valuelint.

null - A null object.

object(ld,Class,Fields)- An objectwith objectid Id, classnameClass andfields Fields
Fieldsis alist of membersf theform field(FieldName Value)

object(ld)- An objectwith objectid Id.

If changesaremadeto the sourcecode,or tracepointshave beenaddedor removed,thenthe
programcanbe recompiledandexecutedto generatea new tracefile. The option Reloadtrace
onthetracefile’s Action menupurgesthe run-timedatafrom the databas@ndloadsin the new
tracefile. Becausehetracefile is storedoff line, it canbere-examinedatary time.

5.8 Run-time Data Visualization

Clicking on atracefile navigatesto it, which readst in andanalyzest if necessaryThedefault
view is shawvn in Figure5.41,which giveseventlines for eachvaluetraced. An eventline is a
line representingime onwhichmarkshave beenindicatedvheretheeventoccurs.Timeis along
the horizontalaxis,anddifferenteventsareon theverticalaxis.

Eacheventline is labeledwith the expressioror variablethatwastraced.Every valuein the
tracefile canbevisualizedby selectingthe All valuesview of thetracefile. This view is shavn
in Figure5.42. Thevaluesin a singleeventline canbe displayedby clicking on aneventline,
shavn in Figure5.43,with thetime in the left column,input expressionin the middle column,
andthevaluein theright handcolumn.This eventline canbeanimatedasshavn in Figure5.44.
Theanimationis implementedy

trace:animate_file(File) -
repeat,
trace:input(_, File, _, _, Value),
frame_rate(1.0),
navigate_to(trace_value(Value)),
user_interrupt.

wherebacktrackingover the predicatewill navigateto eachvalue Valuein thetracefile File.
A variationof this actionanimategyroupsof inputs,andanothevariationanimatesackwards.
The repeatpredicatdoopsthe query framerate(1.0)pauseso ensureaninterval of onesecond
betweencalls, and userinterrupt throws an exceptionwhen the userpresseshe Escapekey,
terminatingthe animation.
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Figure5.41.All theeventsin atracefile.

Figure5.42. All valuesin atracefile.
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Figure5.43.All thevaluesin aneventline.
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(a) Framel. (b) Frame2.

(c) Frame8. (d) Frame9.

Figure5.44. Animatinganeventline.
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An individualinput canbevisualizedby clicking onit in aview, or by clicking onits marker
on the eventline. Pressinghe ‘n’ key or navigating to the Next input view of an input will
navigateto the chronologicallynext input of the sameevent. Pressinghe ‘p’ key or navigating
to the Previousinputview of aninputwill navigateto the previousinput of thesameevent. The
Anynext input view displaysthe next input from arny event,andAny previousinput displaysthe
previousinputfrom ary event. TheNext 5 inputsview of aninputwill displaythenext fiveinputs
from the sameevent,andthe Anynext 5 inputswill displaythe next five inputsfrom all events,
shavn in Figure5.45.

Thestatemenatwhichthetraceoccurredcanbenavigatedto by selectinghe Goto statement
view of theeventline.

Figure5.45.A sequencef five inputs.

5.8.1 Value Visualization

An individual value canbe visualizedby clicking on its input mark on aneventline, or from a
view. Clicking onamemberof acompoundstructurenavigatesto the sub-structuréndicatedoy
themouse.Thecorrectnamefor eachsub-structurésuchasarray[5].X) is automaticallyderived
for thevalueanddisplayedn thetitle of theview. This nameis automaticallydisplayedin the
statusharasthe mousemovesovertheview. Thevalueview is specified

view(Value, trace_value(Value), 'Value’) -
trace:value(Value, R

view(Input, trace_value(Value), 'Value of input’) -
trace:input(Input, . _, _, Value).

visual_context(trace_value(Value), trace).

view_content(trace_value(Value), title(['Value ', Name]) ) :-
identifier(Value, Name).

view_content(trace_value(Value), Content) -
trace:value_content(Value, Content).

trace:value_content(Value, Content)  :-
trace:value(Value, _, Term),

(

Term = array(Values),



CHAPTERS. A TOOL FORSOFTWARE VISUALIZATION 121

in_list(Value2, Values),
trace:value_content(Value2, Term)

Term = array(Values),
Content = array(Value, Values)

Term = integer(l),
Content = integer(Value, 1)

Term = float(F),

Content = float(Value, F)

Term = null,

Content = null(Value)

Term = object(Value, Class, Fields),
Content = object(Value, Class, Fields)
Term = object(Value, Class, Fields),
in_list(field(Name, Value2), Fields),
trace:value_content(Value2, Content)

)

Integer andfloating point valuescanbe visualizedas shavn in Figure5.46. Arrays canbe
visualizedasshowvn in Figure5.47,andstructuresasin Figure5.48. The nameof the structure
andfieldsaredisplayedwith thedataitself. Very largedatastructuresnay cluttertheview, soit
is possibleto shaw a structureto a certaindepth,asshovnin Figure5.49. Browsingto members
in theview would revealmorestructure.

7
(a) Text. (b) Horizontal. (c) Horizontal,with value.
(d) Horizontaloffset. (e) Vertical. (f) 3-D bar

Figure 5.46. Differentwaysof visualizingintegerandfloatingpointvalues.

By usingthe legend,a textual representationf a value canbe transformednto a graphical
one, asshavn in Figure5.50. At eachstep,a differentgraphicalnotationis changedn the
Legend thustransformingheview.

It shouldbeclearthatany combinatiorof graphicalrepresentationsanbe combinedo tailor
theview. More visualscould be added,andspecializedviews canbe declaredn Prologif the
providedviews prove inadequate.
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(a) Text. (b) Horizontal.

(c) Horizontalnumbered. (d) Vertical.

(e) Boxed.

Figure5.47.Differentwaysof visualizingarrays.
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(a) Text. (b) Horizontal.

(c) Vertical. (d) Plaingraph.
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(e) Graphwith colourededges. (f) A doublylinkedlist.

(g) A ring.

Figure 5.48. Differentvisualizationof structures.
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(a) Depth=1. (b) Depth=3.

(c) Depth=5.

(d) Thewholestructure.

Figure5.49.Visualizinga structureto a givendepth.
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(a) Theinitial view. (b) Theinitial legend.
(© (d)
(e) Thefinal view. (f) Thefinal legend.

Figure5.50. Transformingatextual displayof avalueinto agraphicaldisplayusingthe Legend.
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5.9 Prolog Visualization

It is naturalto askwhatotherlanguage®rologandSVT arecapableof analyzinganddisplaying.
The answetis all languageshecausd’rologis Turing powerful, andPrologis no moretailored
to Java thanto ary otherlanguage However differentprogrammindanguagesequiredifferent
structuresandrules.

Vmax candisplayandedit Prologasa visual language.This demonstrateSVT’s potential
for visualprogrammingandoffersa possiblesolutionto enduserspecificatiorof visualization.
Prologclausesarestored

user_clause(Clauseld, Clause)

whereClauseldis a uniqueidentifierfor the clauseand Clauseis the structureof the clause.
Thereis no externaltextual representatiof Prologat present. The clauseshat the userhas
definedcanbe viewedby the Clausesor Predicatesview shavn in Figure5.51. All clausesan
bevisualizedin the All Clausesview shavn in Figure5.52.

Figure 5.51. Theuserdefinedpredicates.

Figure5.52.Visualizingall clausesimultaneously

Clicking on oneof the clausesiavigatesto it. Thestructureof the clausecanbevisualizedin
a numberof ways,asshavn in Figure5.53. As before,the Legendcanbe editedto transform
ary oneof theseviewsinto ary other
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(a) Prolog.

(b) English. (c) Query

(d) Block structure.

(e)Tree.

Figure 5.53. Differentvisualizationsf a clause.
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To display a clause,eachsub-termof the clauseis given an identifier Id of the form sub-
term(Rarent,Position)whereParentis the identifier of its parentterm,and Positionis the posi-
tion of the sub-termin its parentcompounderm. Eachtermis representeéh the view content
asterm(ld, Functor Args) where Functoris the nameof the functor, and Args is a (possibly
empty)list of identifiersthatarethe child termsof thecompoundTheterms:-/2, ,/2 and;/2 are
treatedseparately

The block structurednotationshavn in Figure5.53(d)is similar to VPL [60] and usesthe
horizontalaxis for conjunction,andthe vertical axis for disjunction. A differentview similar
to the TransparenPrologMachine(TPM) [30] is shovn in Figure5.54. A red horizontalline
indicatesconjunction.

Figure 5.54.Visualizingpredicatesn the style of TPM.

5.9.1 Editing Prolog

Clausesanbe editedin a numberof ways. The Add new clauseoption on the actionmenuof

thePredicatesvsiew addsa new userclause Clicking ontheclausenavigatesto it, andits Clause
view shaws just thatclausewhile its Predicateview shavs all the clausesn its predicate.The
Deleteclauseoptionon a clause$ actionmenuremovestheclause.

A right-mouseclick onatermwill popup a menugiving alternatve namedor its functoror
atom. Selectinganalternatve from this list will changethefunctorandredisplaytheview. The
Setfunctor.. option letsthe userenterthe nameof the functor This menuis shavn in Figure
5.55,andthe menuis definedby the userterm/3 predicate. This list could get quite long, so
maybea systemof sub-menugouldbeimplementedo managehis.

A middle-mouselick onatermwill popupamenugiving operation®ntheterm,asshovn
in Figure5.56. The Increasearity optionincreaseshe arity of the compoundermby one,and
Decreasearity decreasethe arity by one. A compoundermwith an arity of zerobecomesan
atom.Cut, Copy, Paste DeleteandDuplicateperformthe describedactionontheterm.

Dragginga term onto anothemwill replacethe destinatiorwith the sourceterm of the drag,
andthis alsoworks betweerwindows. The effect of suchadragis shavn in Figure5.57. There
is alsoaseparat&ciatch termsview which canbeusedio depositermstemporarilyby dragging
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Figure5.55. Themenuto changehefunctorof aterm.

(a)Actionsonterms. (b) Actionson clauses.

Figure5.56.Menusof operation®n terms.
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termsto thewindow. The dynamicclausescratchterm(ld) indicatesthosetermsthatbelongin
thescratchview, andthesetermsarenot executable.

(@) (b)

©

Figure5.57. Directmanipulatiorof clauses.

SincePrologcanbe editedgraphically it shouldbe possibleto specifySVT entirelythrough
this visual language. The proviso is that thesedynamicchangedo Prolog are not persistent
because¢hey donotwrite backto thesourcecode.A betterimplementatiorwould loadandsave
textual representationsf Prolog.

TheAddnew view... optionontheactionmenupromptsthe userfor the nameof thenew view,
createskeletonclausedor the new view, andnavigatesto Edit view relationfor the new view.
Thisis shavnin Figure5.58.

5.10 The Help System

PressingHelp onthemenubaractivatesthe help system.This navigatesto theview help(main)
Thisview displaysthe helptext in thetext window, andindicatesthe sub-topicsn thegraphical
window. Clicking to oneof the helptopicsnavigatesto thathelptopic. In thisway, SVT's views
areusedto displayhelp.

Thepredicatehelp topic(Topic, SubTpic) declareielpsub-topicsandthepredicatehelp to-
pic(Topic, Title, Text) declareshehelptext, whereTopicis atermidentifyingthetopic, SubTpic
is thesub-topic,Title is the helptopictitle, and Text is the helptext for thetopic. The helptopic
for a particularview ViewContet could have the view context help(MlewContext), providing
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(@) (b)

() (d)

(e)

Figure5.58.Creatinga new view.
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view specifichelp.

5.11 Chapter Summary

Vmax is a programmerseditorthatintegratesmary areasof softwarevisualization.As well as
providing overviews of large programstructuressuchaspackagesndclassesit alsovisualizes
smallscalestructuresuchasmethodsandexpressiongn visuallanguagesRun-timedatais also
visualized anddueto theability to editthevisualizationrelation,canbe displayedn a virtually

unlimited numberof ways. The views are highly interconnectedandbrowserstyle navigation
malesit simpleto selectadesiredview.

Vmax augmentSVT with parserdor directories Java sourcecodeandtracefiles, andpro-
videspredicatedor readingin, analyzingandvisualizingthem. A structureof text nodesstores
theparseree,andeachtext noderepresenta block of text thatcanbeeditedin thetext window.
This structureadaptsaseditingproceeds.

Run-timedatais acquiredby insertingtracecalls into Jasa sourcecode, recompilingand
executingit. Java’s Reflectionpackagds usedto examinethe structureof eachrun-timevalue
it receves. This generates file which is readand analyzed,andthe resultscanbe browsed,
displayedn mary differentforms,andanimated.

Prologcanbe editedasa visuallanguagejn several differentgraphicalforms. This canbe
usedto addnew views asanalternatve to textual specification.

VmaxdemonstratethepotentialSVT hasto defineandimplementvisualizationrsystemsThe
implementatiorshovsthatPrologis capableof specifyingall aspect®f SV, andthatthebrowser
ervironmentSVT providescanbe usedeffectively asaninterfaceto information.
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Chapter 6

Discussion

This chapterdiscussesvhereVmax fits into the taxonomieof SV, which enablea
comparatre evaluationof Vmaxwith othersystemsln mary criteria,Vmaxoutper
forms existing systems.Vmax’s main contribution is in its tailorability, flexibility
andautomationandit is shaovn thatthe underlyingapproachs suficiently broadto
coverall aspect®f SV.

SVT andVmax arenot commercialproductsandhave not beenevaluatedassuch.
They areintendedto demonstratéow Prologcanspecifyvisualization.An empir
ical evaluationwould be neededo demonstrat¢he effectivenesf Vmax, but that
is beyondthe scopeof thework.

Becauseof the differentapproachof Vmax and SVT, thereare mary researchdi-
rectionsthatemegefrom this work. The modulardesignallows componentso be
replacedvithout affectingtherestof the system.Furtherwork is discussedinclud-
ing thepossibilitiesof voice,visualor interactve specificatiortechniquesimproved
graphicakonstrainfayoutandinterfacingSVT to commerciaVisualizationandde-
velopmentsystems.

6.1 Classifying Vmax

As well asoutlining futuredirections,Priceet al. [79] provide a framework for comparisorand
classification.This indicateswhetherVmax hasbeensuccessfuin addressingheissuesaised
in the paper The classificatiorof Vmaxin theirtaxonomyis givenin Table6.1.

A classificatiorof meanghatVmaxis particularlystrongin thatareawhile means
that Vmax doesnot supportthe featureat all. As thereareno objective metricsfor measuring
thesecriteria, they shouldberegardedasno morethanaroughguide.

The taxonomyof Price et al. is usedin favour of the taxonomyof Romanand Cox [84]
becausét is morecomprehensie andmoresuitedto comparatie evaluation.

6.1.1 Scope

The scopeof Vmaxis very broad,becausét is comprehensie in programandrun-timevisual-
ization. No othersystemsombineboth programandrun-timevisualizationto the samedegree.
Systemausinga declaratve specificatiorf20, 85] lack the power of datamanipulationfor man-
aginganddisplayingprogramdatabasesandarerestrictedto numericaldata. WhereVmax is
deficient,it shouldbe possibleto extendVmax’s scopeby addingmoreviews ( 4.4).(A.1)
Vmax’s supportfor Java is much more extensve thanit is for Prolog. (A.1.3) At present
thereis no specificsupportor view for concurreng, althoughthe architecturg¢ime-stampsnput
eventswhich would recordconcurrentehaiour ( 5.7.2). The specificatiormechanisntould
copewith concurreng. (A.1.3.1)BecausdPrologstoresthe completeprogramdatabasé 5.5),
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| Category

Classification

A: Scope
A.1 Generality
A.1.1Hardware
A.1.2 OperatingSystem
A.1.3Language
A.1.3.1Concurreng
A.1.4 Applications
A.1.4.1Speciality
A.2 Scalability
A.2.1Program
A.2.2DataSet

ary desktopPC
Linux
Java

ary in language
none

6 320lines/s,115000lines
19500lines/s

B: Content
B.1Program
B.1.1Code
B.1.1.1ControlFlow
B.1.2Data
B.1.2.1DataFlow
B.2 Algorithm
B.2.1Instructions
B.2.1.1ControlFlow
B.2.2Data
B.2.2.1DataFlow
B.3 Fidelity andCompleteness
B.3.1Invasveness
B.4 DataGatheringTime
B.4.1TemporalControlMapping
B.4.2VisualizationGeneratiorTime

compile-andrun-time
dynamicto staticanddynamic
post-mortem

:Form
C.1Medium
C.2Presentatioistyle
C.2.1GraphicaNMocalulary

C.2.1.1Colour
C.2.1.2Dimensions
C.2.2Animation
C.2.3Sound
C.3Granularity
C.3.1Elision
C.4Multiple Views
C.5ProgramSynchronization

colourmonitor

points,lines,polygons tables graphs,
position,size,enclosurepictogramsplain text

: Method

D.1 VisualizationSpecificatiorStyle
D.1.1Intelligence
D.1.2Tailorability

D.1.2.1CustomizatiorLanguage

D.2 ConnectioriTechnique
D.2.1CodelgnoranceAllowed
D.2.2System-Cod€oupling

automatic

interactive or Prolog
automaticallyannotated

E: Interaction
E.1Style
E.2 Navigation
E.2.1Elision Control
E.2.2TemporalControl
E.2.2.1Direction
E.2.2.2Speed
E.3ScriptingFacilities

browser mouse menusgdirectmanipulation

F: Effectiveness
F.1Purpose
F.2 AppropriatenesandClarity
F.3 Empirical Evaluation
F.4 ProductionUse

expertsoftwaredevelopment
?

Table 6.1. Theclassificatiorof Vmaxin Price,BaeclerandSmalls’taxonomy{79].
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andary typeof run-timedata( 5.7),Vmaxcanbeusedfor ary visualizationtask.(A.1.4) Vmax
hasno specialitybecausef its broadscope.(A.1.4.1)

Vmax is very scalablebecauséts query mechanisnfilters away extraneousdatathat can
clutterthe views, andif viewsfill up their contentsareshrunk( 4.4). Thelimitationsaredueto
thesizeof theprogramdatabaseThis canfill upthephysicalmemoryandsotheperformancef
Prologdegradeq 6.2.2).(A.2) Vmax canread6 320linesof Jasa persecondasmeasurean a
400MHzPentiumPCwith 128MB of memory With this setupa projectof 115000linesof code
hasbeenvisualized( 6.2.2). Vmax is inadequatdor projectsof several million lines of code,
duemainly to the internalrepresentationf the programdatabaseandthe comparatiely slow
executionspeedof the Prologanalyzer Programanalysisin C or C++ would be muchfaster
(A.2.1)

Similar constraintareplacedon therun-timedata.19 500linesof run-timedataarereadper
secondOneline of run-timedatais equivalentto oneinteger( 6.2.2).(A.2.2)

6.1.2 Content

The informationcontentof the views is extensve dueto the querymechanisnthat Prologpro-

vides( 3.3),andthe completenessf the programdatabasé¢ 5.5) andtherun-timedata( 5.7).

(B.1) If theexistingviewsproveto bedeficientanew view canbedefinedo augmenthesystem.
It providescodevisualizationat the statementevel ( 5.6.3). (B.1.1) The control flow between
statementandbetweermethodss shovn completely( 5.6.3, 5.6.2).(B.1.1.1)

Vmax hascompleteaccesgo the run-time data, displayablein a wide variety of formats.
(B.1.2)Vmaxis weakon dataflow becausdava is a control orientatedanguage The dataflow
within a methodis not shavn, althoughthe informationis availableto computeit. The data
dependencielsetweermethodsandvariablesareshovn however( 5.6.2).(B.1.2.1)

Vmax cannotvisualizealgorithms,becauseét only hasaccesgo raw sourcecode. However
it canbe structurednto a flow chartwhich would help visualizethe algorithm( 5.6.3). (B.2)
Expressionén statementsanalsobevisualized,f thatis reallydesired 5.6.3).(B.2.1)

The controlflow is shavn within a methodand also betweemmethods.However the actual
control flow of anexecutingprogramis not displayable.Shaving run-timecontrol flow is not
possiblebecauseanalysisof run-time datais doneoff line ( 5.7). A possibility would be to
interfacePrologto the Java Virtual MachineDelug Interface[68] to performlive dehugging.
(B.2.1.1)

Prologhascompleteaccesgo the Java’s parsetree,andcancomputeary informationabout
the programbecauset is Turing powerful ( 5.5). It doesnot have completeaccesgo run-time
dataatall times,althoughary individual datacanbe completelymonitoredattracepoints( 5.7).
(B.3) Vmax affectsthe performancef the runningprogrammuchlessthansystemswvherethe
view is synchronizeavith thedata,because¢heviewerdoesnot pauseahe programfor animation
andstepping( 5.7).(B.3.1)

Vmaxgatherglataabouttheprogrambeforeandafterit isrun( 5.5, 5.7).(B.4) Therun-time
datacanbe steppedandanimatedput staticviews of sequencesf eventscanalsobe generated
( 5.8).(B.4.1)Run-timevisualizationoccursafterthe programhasbeenrun ( 5.8).(B.4.2)

6.1.3 Form

The outputof Vmax is on a colour monitor. (C.1) The constrainthierarchyimplementsmary
differentkinds of graphicalcomponentndlayoutalgorithm,providing a wide rangeof output
( 4.5, B.6). Therearelimits in the capabilitiesof the graphicallayoutalgorithms,but arange
of visuallanguage$ave beenimplemented 5.6.3, 5.9).(C.2.1)

Colouris usedwidely to corvey information,andindeedary numericalquantityor attribute
canbeusedto colourary graphicalcomponentincludingbitmaps.(C.2.1.1)Theviewsin Vmax
do not generallymake useof threedimensions.The algorithmsfor graphand containedayout
( 4.5.5)aretwo dimensionalput they couldbeadaptedo produce3-D layouts. The constraint-
basedobjectlayoutis fully threedimensional 4.6.1),allowing 3-D objects,containmenend
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heightbars( 5.8.1).(C.2.1.2)

Thevisualizationsarestatic,andanimationcanonly beshavn asasequencef frames( 5.8).
Animationconstraintsouldbeaddedo theviewer sothatthe outputin theview is animated A
modificationto the view generatoicould automaticallygeneratesmoothpathsbetweenobjects
with the sameidentifierin sequentiaframes.More primitive approachesuchasTango[95] are
moreversatilebecausehey allow animationto be programmeaxplicitly. (C.2.2)

Soundwas not incorporatednto Vmax becausdghere have beenno demonstratedbenefits
of using soundin programvisualization[25]. Soundconstraintscould be provided that are
generatedrom theinformationcontentof a view, or Prologcouldcall thesoundlibrary directly.
Zeus[15] is strongelin this areabecausé hasaninterfaceto a soundlibrary. (C.2.3)

Vmax’s control over granularityis far moreextensie thanin previous systems.A rangeof
granularityfrom individual expressiong 5.6.3)to wholeclass( 5.6.1)andpackagéhierarchies
( 5.4) canbe viewed, while othersystemsare often limited to onetaskandonelevel of granu-
larity [79]. (C.3) Vmax’s elision controlis alsovery advanced becausalifferentviews of the
sameobjectcanhide or reveal data( 4.7.4),andthe legendcanbe modifiedto hide or reveal
information( 4.8.2). Elisionis selectechy theuser In mary othersystemselisionis achieved
by editingtext. (C.3.1)

Vmaxhasvery goodcontrolovermultiple views, becaus¢he usercancreateasmary viewing
windows asdesired( 4.4),anddisplayary kind of datathere. Theviews in differentwindows
cannotbe synchronizedhowever. (C.4)

Therun-timedatais notsynchronizedvith the programbecausé is displayedoff line ( 5.8).
It is not clearwhetheron-line or off-line viewing of run-time datais better becauseon-line
allows the datastateof the programto be modified live, and asynchronousiewing requires
morestorageput allows muchbettertemporalcontrolandallows staticviews of dynamicevents
( 5.8),suchasin Vogue[51]. Asynchronouslatadisplayinterruptstherunningprogrammuch
less.Vmax couldberunin synchronousnode,by interfacingto a remoteJava Virtual Machine
via its dehug interface[68]. (C.5)

6.1.4 Method

Views canbe specifiedon mary levels. Defining the informationin a view is donevia textual
specificationin Prolog( 3.3), andalsousingvisual specification 5.9). Choosingthe presen-
tation style of the view is donethrough pull-down menus( 4.7.4), and selectingthe datato
visualizeis donevia directinteractionwith theview ( 4.7.3, 5.7.1).(D.1)

The systemdisplaysmary differenttypesof intelligence.For example,it usesautomatiday-
out ( 4.5),automaticallyfinds suitableviews for anobject( 4.7.3),automaticallyfinds suitable
visualizationcontexts for a view ( 4.7.3),andautomaticallytailors menusto the data( 4.7.2).
PotentiallyPrologcould analyzethe datastructureanddecideitself how to displayit. However
usersstill needto chooseheview andvisualizationcontext themseles.(D.1.1)

Almosteveryaspecbf visualization 3.3, 3.4)andinteraction( 3.8, 4.7.2)canbespecified
in Prolog,makingthe systemhighly tailorable.Tailorability canbedoneby theuserby changing
the visualizationrelation( 4.7.4),modifying it usingthe Legend( 4.8.2),or editing the action
relation( 4.7.5).(D.1.2)

A high degreeof customizations possiblgust by selectingdifferentviews ( 4.7.3)or graph-
ical forms( 4.7.4),but the legenditself canbe editedto customizeoutputcompletely( 4.8.2).
Graphicalqueriescanbe addedthatcustomizeheinformationin aview ( 5.9). Additional Pro-
log canbe dynamicallyloadedthat containsmoreview specificationg 4.4). Otherdeclaratve
systemganonly be customizedy textual programmind20, 86]. (D.1.2.1)

Vmax is connectedo the programvia loadingits sourcecode( 5.5), loadingits run-time
data( 5.7.3)andautomatic@nnotatiorby insertingtracepointsinto thesourcecodevia dragand
drop ( 5.7.1). The connectiontechniqueis similar to Viz [27] where“players” areeventlines
in Vmax, “states”are input events,the “history” is the tracefile, “view” is the view context,
“filters” arethe view relations,“mapping”is the visualizationrelationand“navigators”arethe
actionrelation.(D.2)
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A userof Vmax needsto be familiar with Java in orderto understanadonceptssuchasin-
heritance pverloading,variableusageor function calls. The useralsoneedsto understandhe
sourcecodein orderto know wheretracepointsshouldbe inserted.Prior understandingf the
algorithmis necessarin mary systemgo createeffective output,but systemsuchasEliot [61]
andLeonardd20] do notrequirethe selectiorof tracepoints.(D.2.1)

Thevisualizatiorsysternis almostcompletelydecoupledrom thetargetsystem.Thereis only
asmallamountof codethatis dynamicallylinkedto thetargetsystemvia Java’s classloader to
outputrun-timedatastructurego atracefile ( 5.7.2).(D.2.2)

6.1.5 Interaction

Theinteractionstyleis moreadwancedhanin othersystemdecausét usesa browserinterface
( 4.7.3).Interactionusingthe mouseandkeyboardcanbe completelyspecifiedn Prolog( 3.8),
or dynamicallymodified( 4.7.5),andcanspecifymenuq 4.7.2)anddirectmanipulation 5.9).
(E.1)

Navigationis easywith abrowserinterface( 4.7.3),whichis veryimportantbecaus¢hereare
70 differenttypesof view to choose&rom. (E.2) OtherSV systemgdo not provide specification
for interactive behaviour.

Elisioncontrolis high,asselectinglifferentviews of thesameobjectfrom menug 4.7.3)can
filter out whatis not of interest. Differentvisualizationrelations( 4.7.4)or editing the legend
( 4.8.2)canalsohidevarioustypesof information.Elisionis manuallycontrolledthroughmenu
selections(E.2.1)

Temporalcontrol is also quite good, becausehe programdatacan be steppedorwardsor
backwards,andanimatedorwardsor backwardsat any framerate( 5.8).(E.2.2)

Thereis no facility to recordand play back userinputs. Textual scriptingis possibleby
executingsequencesf Prologcommandg 4.3). (E.3)

6.1.6 Effectiveness

The purposeof Vmax is differentto mary SV packagedecauseét is designedo be usedon
real programs,and not small examplesfor teaching. (F.1) This changeof emphasisnakesit
imperative thatviews canbe generatedjuickly andautomatically

The automaticlegenddescribesachview, so thereforethe views shouldbe clearand self
explanatory( 4.8). No otherSV system9rovide anautomatidegendfor eachview. Theviews
themseleshave not beenoptimizedto programmersheedshut the systemcanbe completely
tailoredto provide themostappropriateviews ( 3.3, 3.4)andinteraction( 3.8).(F.2)

An empirical evaluationis beyond the scopeof this work. Vmax is aimedat software de-
velopers,and measuringthe performanceof the whole developmentprocesss difficult. It is
thereforenot possibleto saywhetherVmax s effective in real situations pr whetherVmax s at
all appropriatdor thetask.(F.3)

Vmax is new softwareandhasnot hada chanceto be usedin realprojects.lt is not quite of
productionquality, andlacksusermanuals.Theresearctaimswerenot to producecommercial
software.(F.4)

6.2 Evaluating Vmax

Evaluationposesa particularproblemfor SV systemsTherehasbeernlittle empiricalevaluation
of theothersystemslescribedere[71, 79]. An empiricalevaluationis beyondthe scopeof this
work, soconclusionsaboutVmax’s usability or the meritsof addinggraphicsto a programming
ervironmentwill notbemade.

Oneapproachs to evaluatethe usability of the systemusinga ‘cognitive dimensionsframe-

work [37, 39]. Thisis aframework for discussioraboutprogrammingervironments providing
mary differentevaluationaspectsaandcriteria. Often changesn onedimensionwill affect the
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performancan others. However it is more focusedon tasksof datamanipulationand visual
programmingwhile Vmax doesnot provide thesefunctions.Cognitive dimensiongandescribe
particularnotationsand ervironments but Vmax usesa generalapproactthat doesnot fix the
notationor ervironment.Froma cognitive dimensiongerspectie, the programmingaskis still
textual. Cognitive dimensionsonly examinesthe users perspectie, and doesnot discussthe
implementationahspects.

Theapproachwe shalluseis to comparevVmax’s capabilitieswith existing systemsandPrice
et al.’s taxonomy[79] providesa suitableframevork for suchdiscussion.lt is givenin Sec-
tion 6.1. This providesa meansof comparisorfor particularaspectsof the system,but does
not provide an overall measureof its worth. The suitability of a particulartool is entirely task
dependant.

6.2.1 Benefits

AlthoughVmax providesvery flexible graphicaloutput,andhasveryfine controlovertheinfor-
mationpresentedh its views, it hasnotbeenshovn whetherthisis of benefit.

Thereareseveralstudieshatshow thatdifferentnotationsperformbetterin differentcircum-
stanceq107]. Green[37] argues“a notationis never absolutelygood, therefore,but only in
relationto certaintasks. Becausgrogrammings suchavariedtask,maximumflexibility in the
graphicalrepresentatiomould be requiredfor the visualizationsystemto be effective, because
specificnotationamay not be appropriaten all circumstances.

Informationcontrol,or elision,is animportantaspectf informationsystemsandin particular
SV systemsecaus®f the differentkinds of programmingaskandareasof interest.Socalled
“spaghetti-platesyndrome”[17] is a major problemfor control orientedlanguage$ecausef
the visual compleity of the output. The Deutschlimit [67] placesa limit on the information
densityof graphicaldisplays.Howeverthereis alsoevidencethatvisualnotationsbecomemore
effective whenthe problemsizegrows [22, 78]. Whitley [107] posesthe question‘Giventhe
rangeof informationrequiredin programmingcana VPL highlight enoughof the important
informationto be of practicalbenefit?” The only way the trade-of betweenvisual compleity
andinformation completenessan be resoled is throughelision control to selectvely choose
whatto displayby providing mary differentviews.

The userinterfaceusesgraphicalbrowsing techniquesvhich have beenshowvn to be a very
easy successfulnd effective meansof informationretrieval, and utilizes direct manipulation
whichis arguedto beanaturalinterfaceto data[90].

Usability testingis beyondthe scopeof thiswork. Thereareno objective metricsfor compar
ing the effectivenesof differentSV systemg79], andtherehasbeenlittle empiricalevaluation
of the othersystemadescribedn this dissertation.So while thereis indirect evidencethat the
facilities offeredby Vmax areuseful,andthatit is easyto use,this hasnot beenconfirmedby
userstudies.

6.2.2 Performance

The performancdiguresshawvn in Table 6.2 were obtainedon a 400MHz Pentiumll PC with
128MB of RAM runningLinux 2.2. They weremeasuredby enablingaloggingfunctionin SVT
thattimesthesetasks.

| Task | Speed |
Codeinputrate 6 320linespersecond
Crossreferencing | 5 144linespersecond
View generation 900constraintpersecond
Tracefile inputrate | 19503linespersecond

Table 6.2. The performancef Vmax.

Thefigure givenfor view generatiordependn the constraintsandthe amountof compu-
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tationrequiredto derive the view content.A typical view may contain100or moreconstraints,
beyondwhich the view startsto getcluttered. Thesefiguresareof courseapproximatebecause
they dependbn hardwareandthe specificdataused.

Vmax offersa responsie interfaceandis practicalto be usedfor mediumsizedprojects,of
around100000linesof code.Sourcecodeof 115000lineshasbeensuccessfullyisualized.

This performancecould be significantlyimproved by a more efficientimplementation.The
performancevaslimited by Prologs memorymanagementyhichfilled upthecomputersmem-
ory asmorefactswereaddedto its databasesuggestinghat speciallywritten storageroutines
shouldbe usedfor the programdata.

6.2.3 Extensibility

Vmaxis readilyextensibleby addingmoreviews andprogramanalyse$n Prologfiles andload-

ing themonstartup. Thegraphicabutputcanbereadilymodifiedandextendedy definingmore

visuals.New languagesanbe addedby addinglexical analyzersandparsergo the executable,
andthe Prologto analyzethem,which could coexist with the existing sourcecodeanalyzers.

6.3 Evaluating SVT

6.3.1 The Specification Language

SpecifyingSVT is very differentto specifyingothervisualizationsystemsbecausehereis so
much moreto specify Thereare views, view content,visual content,visualizationcontexts,
visualizationcontect descriptionsyisuals,visual componentsyisual objects,menus,actions,
reactionsand contenttypesto declare. This may seemvery complicatedput it providesmuch
moreflexibility andautomatiorfor theenduser

When specifyingone aspectof the system the implementordoesnot needto be concerned
abouthow the otheraspectarespecified.In particular the view contentis specifiedcompletely
independentlyo thevisualcontentwhichis specifiedndependentlyo thegraphicalkconstraints
of thevisuals.By subdviding the problem,eachcomponents muchsimplerto specify andcan
bereused.

ThespecificatiormethodSVT usesmaybedirectly comparedvith Pavane[85] andLeonardo
[20]. Leonardousesa logic basedanguageAlpha, but the resultingnotationis moreawkward
thanProlog’s, andcanonly managentegervalues,not compounderms,soit would be useless
for knowledgeengineeringA strengthof Alphais thatit canembecdhumericalexpressiongrom
theobjectlanguagdirectlyinto it.

Pavanes declaratve approachs moreawkwardthanAlpha’s. Thelanguagesrevery similar
in their usage put Pavaneoffersaniterative style of programmingandgenerategraphicalob-
jectsastuplesin a data-spacePavaneusesnamedparameterso passattributesto the graphical
objectsit constructsSVT usesparametepositionto passargumentgo its visuals.Pavanesim-
plementatioractuallytranslateSwarmbasedieclarationgnto Prolog,althoughtheimplementor
doesnot seethis.

Both Alpha and Pavaneconstructiow level geometricobjectsby specifyingtheir graphical
coordinatedirectly, which is little improvementover an ordinarygraphicstoolkit. Alpha can
assignintegersto objectsin the scene. SVT works very differently by generatinghigh level
constrainton the outputimage,which areautomaticallystructured.Constraintsaarenecessary
to combinedifferentnotationsandto handlearbitrarygraphicalstructures.Every objectin the
sceneéhasalabelwhich canbeary Prologterm.

Becauseéilpha andPavaneusedirectly mappedbjectsto the screenthey provide no encap-
sulationof visual objects.Even somethingassimpleasa redarc hasto be programmedn two
separateredicatesn Alpha. In SVT, constraintscanbe compositedarbitrarily, and are com-
positionsof primitive graphicalconstraintsproviding encapsulatiomndspecificatiorata much
higherlevel. While SVT providesthreestagesf visualization,Pavaneand Alpha provide just
one,therebyfixing their output.
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Alpha andPavanecannotspecifyinteraction.The objectsin their sceneglo not have seman-
tics, sothereis no meansof interactingwith them. SVT canspecifyary interactve behaiour
for any objector componentn thescene.

The size of specificationis smallin SVT becausesVT providesencapsulatiowvia visuals,
so only the bijection betweenthe semanticsand the visualsneedsto be defined. By editing
thelegend,this bijection doesnot needto be specifiedat all. Alpha andPavanerequiretextual
programmingo changehegraphicaldisplay but this canbedoneby theenduserthrougha GUI
in SVT.

Both Alpha and Pavanecan specify animationin their scenes.Animationin SVT is quite
primitive, andis limited by the viewer, andnot by the specificatiodanguage.

6.3.2 Modularity

SVT andVmax aremodularin their design. The window managelis accessethrougha well
definedinterfacesothatSVT canbeusedwith any windowing system.

Thelayoutconstrainsolver couldbecompletelyreplacedy ary layoutmechanisnthatinter-
facesPrologto OpenGL.Theexisting hierarchycouldbeextendedwith betterlayoutalgorithms.
The 3-D graphicstoolkit could bereplacedpr the declaratve languagehatis usedto drive the
constraintsolver. EvenC++ candrive the constraintsolver directly, thusbypassinghe needfor
Prologto generatevisualizations.

Otheraspect®f the datagatheringsuchasthe programdatabaselo not needto be managed
by Prologeither, but could be storedusingexisting toolsandaccessedly Prolog.

6.3.3 Application Areas
Information Visualization

SV is a particularly challengingexample of informationvisualizationbecauseof the sizeand
compleity of thedatastructuresthewide rangeof possibleoutput,andthehighly heterogeneous
natureof thedata.Otherapplicationsaarepossible providedthatthe datais interfacedto Prolog.

Visual Programming

Visualizationis anintrinsic part of visual programmingpecauseisual languagesystemaeed
to generataliagramsto communicatehe visual program. The constraintbasedoutputof SVT
canspecifyvisuallanguageswhichrelateshe diagramto the languagestructureandsemantics.

Vmax usesseveral graphicalnotationsto represenprogramsn Prologor Jasa. Thereis no
facility to manipulateJava graphically which distinguishegrogramvisualizationfrom visual
programming.

The combinationof visualizationandinteractionprovidesa completespecificatiorof visual
programming SVT canemulateblock-structuredisuallanguageshut is morelimited with node
andlink basedprogramming. ExtendingSVT'’s layout capabilitieswould extend the possible
visuallanguagenotations.

Graphical User Interface Specification

A graphicaluserinterface(GUI) is essentiallyaninteractive graphicalview, andcanthereforebe
specifiedn SVT. Visualsdefinethewidgetsin the GUI, which aregeneratedutomaticallyfrom
thedatain theview.

Thedialogboxin Figure6.1is specified

view_content(dialog, font_option(Font, Name, Status)) -
font_data(Font, Name), widget_data(Font, Status).
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Figure6.1. A dialogbox specifiedn SVT.

view_content(dialog, style_option(Style, Name, Status)) -
style_data(Style, Name), widget_data(Style, Status).
visual_content([], dialog,
[
window(window, 'Font select, main),
vertical(main, options, buttons),

% Buttons

button(yes_button, 'Ok,
button(no_button, 'Cancel’),
button(apply_button, "Apply’),
horizontal(buttons, [yes_button,apply_button,no_button]),
% Options
vertical(fontlist),
group(font_group, 'Font’, fontlist),
vertical(stylelist),
group(style_group, 'Style’, stylelist),
horizontal(options, font_group, style_group)
D

visual_content(font_option(ld, Text,Sta tus), dialog,

labeled_choice(ld, Text,Status,fontlist)).

visual_content(style_option(ld,Text,St atus), dialog,
labeled_selection(ld, Text,Status,stylelis t)).

action(move(B,_), svt, indicate(action)) -
selector_button(B) ; choice_button(B,_).

action(click(B, _, _), svt, toggle_selector(B)) -
selector_button(B).

action(click(B, _, _), svt, Action) :- button(B,Action).

action(click(B, _, _), svt, choice_select(B,C)) -

choice_button(B,C).

Thecalculatorin Figure6.2wascreatedusingsimilar methods.The calculatorsupportskey-
boardinput. In comparingtwo calculatorapplicationsin Figure 6.3, the Tcl/Tk [74] imple-
mentationin Figure6.3(a)(obtainedasa Tclet from Scripticd) was127 lines, while the Prolog
implementationn Figure6.3(b)was58lineslong.

1URL: http://wwwiscriptics.com/productsltk/plugin/calculator.html
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Figure6.2. A fully functionalscientificcalculatorspecifiedn SVT.

(a) Tcl/Tk. (b) Prolog.

Figure 6.3. Similar calculators.
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6.4 Commer cial Relevance

Programmings difficult andtime-consumingandthereforeexpensve. Tools which make pro-
grammingeasier morereliableandfaster reducethe costof writing andmaintainingprograms,
andarethereforamportant.Visualizationis merelyanextensionof the existing trendof provid-
ing graphicalervironmentsin whichto program,which provide graphicalsupportfor usingthe
compiler, editing, navigating, modifying code,creatingskeletonapplicationsand creatinguser
interfaces.Visualizationcanreducethe cognitive burdenon the programmertherebyimproving
productvity. Thesebenefitsarealreadybeingexploitedin commercialprogrammingproducts.

Theapproactusedby SVT andVmax could be usedin commercialproducts.A stand-alone
programmingenvironmentlike Vmax could provide a working alternatve to existing environ-
mentsandprovide amuchgreaterangeof visualization.OtherwiseanernvironmentsuchasMi-
crosoftVisual Studiocouldhave anembeddedProloginterpretellinkedto its projectdatabases.

Stand-alonevisualizationtools could alsobe basedupon,or augmentedby, SVT'’s approach
to visualization. Existing architecturesuchas IBM’s VisualizationDataExploret and AVS
Express couldbeinterfacedto SVT, andprovide accesso boththe datasourcesandthe output
displayandscenggraphs.

SVT andVmax arenot commercialproducts but demonstratéhe technicalviability of im-
plementingSV in aknowledgeengineeringervironment.

6.5 Further Work

6.5.1 Measure Usability of Vmax

The usability of Vmax hasnot beenformally measuredandthereforethe benefitsof usingit

have not beenproven. Studiesthatcomparethe performanceof usersusinga text-only system
andthoseusinga graphicalsystemsuchas Vmax would answerthis question. Unfortunately
suchbroadstudiesarerarely conclusve, andmay not relateto “real-world” tasks[45]. Vmax
would have to be evaluatedin real situationsto measurethe performanceof usersusing the
system.

Vmax generate®utputmessagemonitoringits actiity which canbe savedinto a log file
for future analysis. Changesn view context andvisualizationcontet arerecordedandtime-
stamped. Navigation graphsbetweenview contets could reveal how usersactually usedthe
system, ratherthanwhatis possible. Usagestatisticssuchas meantime betweennavigations,
numberof view contets used,numberof times the visualizationrelationis changeduse of
bookmarksuseof preview window, useof thelegend,or theway objectswerevisualizedwould
provide evidenceof worth for that feature. It would provide a workbenchfor measuringhe
psychologyof programmers.

It would seemclearthat a featureor view shouldbe deemed‘useful” if it is usedregularly
by a user If a wide rangeof views was used,or views and navigation pathswere taken that
arenot availablein traditionalprogrammingsystemsthenthe worth of Vmax is demonstrated.
Questionnairesouldalsogive supportingevidence.

6.5.2 Measure Programmer s’ Needs

No attempthasbeenmadeto optimizethegraphicalviewsandnotationausedn Vmax,whichare
only afirst approximationof what might be useful. Discoveringwhich notationsprogrammers
find mostuseful,whatinformationprogrammersequire,andhow they wish to navigate,would
leadto a configurationof Vmaxthatwasmoretailoredto programmersheeds.

Choiceof graphicalnotationcanhave a significantimpacton userperformancg37]. Com-
paratize performancef variousgraphicalnotationscanbe measuredbut caremustbe takento

2URL: http://wwwibm.com/dx
SURL: http://wwwavs.com
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ensurethatthe experimentsarenot swampedby noiseandbecomeinconclusve [107]. Thear
chitectureof Vmax allows very differentnotationsandviews to be constructedelatively easily
sowould beanappropriatdest-bedor differentnotations.

A studyof how usersnavigatedthroughVmaxwouldindicateimportantnavigationpathsand
perhapsyield the kind of information programmeravereinterestedn. Questionnaireasking
programmersheedscould provide dataon whatinformationto provide.

6.5.3 Improve the Graphical Constraint Solver

Therearelimitations in the typesof graphicaloutputpossibleby SVT, becauseof limitations
in the graphicalconstraintsolver. It lacksmary layoutalgorithmsandits graphlayoutis quite
primitive. It doesnot have strongsupportfor numericalvisualizationjncludingproducingmary
kinds of graph,or volumetricdata. Evenso, the graphicaloutputit doesproduceis suficiently
powerful to implementvariousvisuallanguagesndnotations.

The modulararchitectureallows ary kind of graphicalconstraintsolver to be used. The
graphicakonstraintseturnedoy Prologcandrive ary constraintayoutmechanismTheexisting
constraintsolver can be extendedthroughits C++ interfaceto augmenthe layout algorithms
alreadypresent.

The geometricconstraintsolver usedto lay out visual objectscanonly managdinear con-
straints,andis inadequate¢o solve more complicatedgeometricconstraintsor find “optimal”
solutions.

6.5.4 Animation

SVT wasnot originally designedo be ananimationtool. Animation constraintscould be pro-
vided that control animationin the scene,andthe viewer could be reimplementedo provide
animation.Pathsof smoothmotion suchasthosein Tango[95] couldalsobe specifiedvia con-
straints. Inter-frame animationcould be implementedoy automaticallyproviding smoothpath
transitionshetweerthe sameobjectin sequentiaviews.

Positionswithin the scenecould be specifiedusingfour dimensionsandlinearinterpolation
betweerpointsin space-timeouldprovide animationin the style of Pavane[85].

6.5.5 Sound

Programauralization{25] could potentiallycommunicatenoreinformationthangraphicsalone.
Perhapsoundcouldform partof theview. This could be specifiedby soundconstraintgener

atedfrom theinformationin theview. A soundconstraintwould not affect the graphicaloutput,
but would call asoundiibrary. A visualcouldcombineauralconstraintsvith visualconstraints.

Moving the mouseover anobjectcouldalsogeneratesound.In this casetheinteractionwith
the objectwould resultin areactionthatcallsthe soundiibrary directly from Prolog.

6.5.6 Automatic Choice of Graphical Layout

The visualizationrelationmustbe specifiedmanuallyby declaringhow informationis mapped
to visuals. Systemssuchas AVE [34] aredatadriven, anddeterminea suitablemappingfrom
the structureof the data. Suchtechnologycould be integratedinto SVT, althoughit is notclear
whetherthis featurewould be useful. The visualizationcontext could be selectechutomatically
dependingntheform of thedata.

6.5.7 Improve the Graphical User Interface

Thespecificatiormethodfor menuss fairly primitive, allowing only separatorandbulletitems.
This couldbe mademoresophisticatedby addingsub-menusindimplementingtool barsusing
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a similar specificationtechnique.The viewing window doesnot have scroll bars,but theseare
alsoan effective methodfor viewpoint control. Balloon help could describeobjectsbeneattthe
mouseyeplacingthelegend.

6.5.8 Investigate other Specification Languages

Thereare mary variationsof Prolog and other query-basedanguageghat would be able to
implementthe semanticmodel of visualization. Prologwas chosenbecausef its established
use,its formalbasis andits simplicity. If thecorelanguagés sufficientto expressavisualization
systemthenary languagewhich builds on Prologis alsosuficient. The differencesn syntax
betweerthedialectsof Prologwould changeheappearancef the specificationshut notchange
their meaningsignificantly

Prologitself providesameansof modifyingits syntaxusingthe op/3 predicate Thisexample
shavshow new operatorsouldreplaceview_content/2andvisualcontent/3

family_tree -Q-> person(X)
- man(X); woman(X).

person(X) -V-> labeled_icon(X, X, person) using graph.

A possibleusefor SVT is in visualizing databases.Prolog can be interfacedto external
databasedhut it may make senseto implementthe semanticmodelin the databaséanguage
itself. Therelationshipsetweerthethe view contet, the view content,the visual contentand
thegraphicakonstraintsnightbeexpressiblén arelationaldatabaséanguagesuchasSQL [21].
Databasdanguagesre oftenimperatize or functional,which lack backtrackingcapability and
thesyntaxof suchqueriesmaynotbesouserfriendly. However Datalog[102] offersalanguage
similar to Prologthatimplementsarelationalmodelto accesanunderlyingdatabase.

6.5.9 Investigate Visual Specification Languages

Themainproblemwith Prologis thatit is slightly too complicatedo be usedasanend-usefan-
guage Its executionmodelis quite difficult to understandandmostusersareusedto imperatve
programmingstyles.Thusonly expertusersvould beableto addnew viewsto thevisualization
system.

Thevisuallanguage¥maxprovidesto editPrologclausesrefully operationalalbeitchanges
arenot persistent.The benefitof this notationandmeansf editing over textual Prologhasnot
beendemonstratedandit is unclearwhetheruserswould find this approachpr ary visuallan-
guage a moreaccessibleneanf specifyingvisualization.

A morecomprehensie studyof graphicalnotationsandediting for specifyingvisualization
gueriesmay yield resultson the merits of graphicalspecificationandyield notationsthat are
particularlyeffective. Work in visualquerylanguage$18] andenduserqueriescouldbeusedto
specifytheinformationcontentin views.

Visualsandvisualobjectscouldbedesignedy graphicatoolsinsteadf textual specification.

6.5.10 Natural Language Interface

Anotherapproacho end-usespecifications to usea naturallanguagenterface. Many natural
languagesystemauseProlog,soit would be quite straightforvardto embeda naturallanguage
interfaceinto SVT. Queriessuchas“show themaritalstatusof thesalesmemvhowork in Ipswich
who sold no spealers last month” could be corvertedinto a clausefor the view content. A
commandsuchas“show salesmemscircles” could changehe visualizationrelation.
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6.5.11 Formal Theory of Visualization

The semantianodelin Chapter3 is a fully formalizedtheoryof visualization,baseduponset
theory By formulatingthe relationsin logic, the modelis essentiallyan inverseof description
logic [28] thatis usedto describeatherthangeneratehe graphicalpropertienf animage.The
constraintform the basisof a constraintmultisetgrammar65], andthe scenegraphrelatesto
graphgrammarg81]. Thetheoreticalwork in Chapter3 could be reconciledwith theseother
visuallanguagdormalisms.

6.5.12 Improve Program Analysis

Thereis muchinformationaboutthe sourcecodethathasnot beenanalyzed.For exampledata
flow in methodsor which methodsget calledin which circumstancesabstractinterpretations
of the data,or which valuescanbe storedin which variables. Adding theseanalyse4o Vmax
would enhanceheinformationpresentedo the programmer

6.5.13 Visualiz e other Languages, such as C++

Vmax focuseson Java, but other programminglanguagescould be visualized. There should
be no difficultiesin providing visualizationfor otherlanguagesandto visualizemary different
languagesimultaneously

6.5.14 Data Persistence

SICStusProlog provides predicatedor persistentdatastoragein an externaldatabase.Vmax
doesnot make useof it, and usesthe non-persisteninternal database.This meansthat large
softwaresystemsave to be storedin mainmemory which canbe exhaustedandthe datamust
bereloadedeachtime Vmaxis run, which could be time consuming.lt could be betterto store
the programdatabasexternallyto avoid this.

A distributedclient-sener architecturecould centralizethis databasetp have anentirework-
groupcooperatingn the samesystem.Views couldbe senedasVRML overtheinternet,and
navigationwithin the VRML viewer couldconnecto the senerto requesthe new view.

6.5.15 Provide Visual Programming

Vmax provides visual programmingfor Prolog. The graphicalnotationsfor Java could also
be manipulated but that is beyond the scopeof this work. Drag and drop techniquescould
rearrangsourcecodeatthestatemenlkevel, andtool barscouldautomaticallyconstructcodefor
programmingconstruct®r memberf classes.

6.5.16 Interface to Compiler s

Programanalysisis performecdby Prolog,whichis a sloverlanguagehanC or C++, andreim-
plementanuchof thework of existing compilers.Insteadof performingprogramanalysistself,
Prologcouldinterfaceto othertoolsthat could returnit informationwhenrequestedThe pro-
gramdatabaseouldbe storedexternallyin anothettool.

6.5.17 Interface to the Java Virtual Machine Debug Interface
Run-timeinformationis displayedoff line. A graphicalinterfaceto the Java Virtual Machine

Delug Interface[68] could provide accesdo live programinformation,which could browvsethe
run-timedata,andshaw the controlflow throughthe program.
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6.5.18 Improve Efficienc y

Therearemary areasof SVT andVmax thatcouldbe speededip. For examplethereis alot of
dynamicmemoryallocationto constructeachview. Suchdatacould be constructedn a stack.
An entireparsetreedatastructureis constructediuring parsingwhichis unnecessary

6.6 Chapter Summary

A classificatiorof Vmaxin ataxonomyof SV systemg79] shavs Vmax to be strongin mary
areasof SV, in spiteof having suchbroadscope.The generalspecificationtechniquehasbeen
shavn to be appropriatefor all aspectof SV. Unlike mary other SV systemsVmax is very
scalableandis practicalto usein mediumsizedprojectsof 100000 lines of code. All aspects
of softwarecanbe visualized,andit is unusualffor a systemto be strongin both programand
datavisualization or to offer ary flexibility in programvisualization.lts constraintbasedayout
provides a much more flexible rangeof output. The query basedmechanisnprovides good
elision controlanddealswith all levels of granularity The outputof othersystemss textually
programmedwheread/maxcanbemodifiedby theenduser Interactionandnavigationis much
moreadwancedthanin othersystems.The legenddescribesachview so the views shouldbe
clear but this hasnotbeendemonstrateth anempiricalevaluation.

The specificationstrateyy differs from other declaratve systemssuchas Pavane[85] and
Leonardo[20], becausét usesthreestagesf visualization,andis basedupon an established
languagewith efficientimplementations Specificationsn Vmax arereusableand provide en-
capsulatiorof graphicalobjects- thisis not possiblein theotherapproaches.

As well asimprovementdo theimplementationtherearemary avenuedor furtheracademic
researchThe modulardesignallows any componenbf thesystento bereplaced.



150 6.6. CHAPTERSUMMARY




Chapter 7

Conclusions

This dissertatiorhasdescribeda new paradigmfor specifyingand implementing
SV. A knowledgeengineeringervironmentstoresand reasonsaboutthe data,and
views aregeneratedy queryingthe graphicalconstraintdor a particularview and
visualizationmethod. By subdviding this query every aspectof the visualization
systemcanbe specified.

Thework is aimedat addressingproblemswith automationflexibility, granularity
elisionandspecificationthathave beenvery difficult to solvein existingsystemslts
wide rangingscopemalesit a strongalternatve to otherdeclaratve andimperative
implementationsHoweverthe addedcompleity hasperformancémplications.

7.1 Vmax

Vmax is very differentto usefrom othersystemsecausef its userinterface. The popularity
of the browserinterfaceindicatesthat this might be a good choicefor software browsing. It
is alsovery differentbecause¢he numberof views it providesis an orderof magnitudegreater
than previous systems'. It is much moreflexible andtailorablein its informationcontent,the
graphicaldisplay (changedrom the Form menuor the Legend),andits interactive behaiour.
Minimum userinputis requiredto selectthe appropriateview.

But arethesefeaturesuseful? Without direct empirical measurements is not possibleto
be certain. Thereis plenty of indirect evidencewhich suggestghat alternatve graphicalrep-
resentationsire necessaryor differenttasks,andthatthe ability to filter out differentkinds of
informationis necessaryo avoid clutteringthe display Graphicalbrowsersarewidely usedand
effective,andwithout alegendviews canbe difficult to interpret.Priceetal. [79] alsocite prob-
lemswith elision control, that Vmax solves becausef its query mechanismand granularity
which Vmax solvesby its genericview generatiormechanism.

Theclassificatiorin Table6.1 summarizeshe strength@ndweaknessesf Vmax.

7.1.1 Strengths of Vmax

Broadscopeandcontent. The dataVmax presentss far morewide rangingthanin other
SV systems.

Goodelisioncontrol. Theusercancontrolwhatto displayor notto display
Granularity The programcanbe viewedat mary levelsof detail.
Tailorability. Theview contentandvisual presentatiortanbe changedo suittheuser

Scalability Quitelarge codebasesandcomplex datastructuresanbevisualized.
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Extensibility It is comparatiely easyto addnew views to the systemusingthe specifica-
tion language.

Automaticlegend.Userscanunderstand@ndmodify thegraphicalrepresentation.

Userinterface. Navigation and browsing is achieved by single mouseclicks, graphical
bookmarksandthe preview window.

Numberof views. Vmax has70 differenttypesof view, which is an orderof magnitude
greaterthanin othersystems.

Automation.Minimum userinputis requiredto selectandview thedata.
Visualprogramstructuresarecreatedautomaticallyfrom sourcecode.
Integrationinto acompletedevelopmentenvironment.

Goodtemporalcontrol over run-timedata. It canbe steppedandanimatedorwardsand
backwards.

7.1.2 Weaknesses of Vmax

Limitationsin programsize. 115000 linesof codeis quitereasonablehut is notasgood
assomeprofessionahnalysigools.

Limitationsin input speed. The parserand programanalysisis slower thansomeother
sourcecodeanalyzerswrittenin C.

Lack of synchronizationwvith therunningprogram.

Lack of smoothdataanimation.

7.2 Implementing SV Systems

The work hashighlightedseveral techniquedhat could be usedin SV systems.The browser
interfaceworkedverywell, andseemdik e agoodinterfacefor dataexploration. The3-D output
could be usedwith goodeffect, particularlyfor numericaldatastructureshput wasslightly less
convincingfor communicatingprogramstructuresWith moderrhardwareandgraphicdibraries,
thereis little extraoverheadn producing3-D ratherthan2-D output.

A wide rangeof graphicaloutputis usefulto tailor the outputandenrichthe graphicalcom-
munication.A wide rangeof graphicalayoutalgorithmss usefulto dealwith differenttypesand
structureof data. If usersneedto specifymoreadvancedayoutcontrol,geometricconstraints
offer anapproach.

Multiple views arealreadycommon,andprovedto be necessaryo retrieve differenttypesof
datawithout clutteringthe view. Changingthe view andvisualizationmethodfrom pull-down
menusprovided a corvenientway of doingthat. Graphicalbookmarksanda preview window
functionwell andare potentiallyuseful. A legendto describesachview would reducepossible
confusionover notation.

Thesefunctionsdo not necessarilyhave to be implementedn Prolog. For systemghatdo
not requirethe flexibility andautomationof Vmax, or the ability to posequeries,Prologis not
necessaryin this case standardyraphicaloutputmethodsshouldbe used.

SV systemghatneedto behighly tailored,provide mary differentviews,andneedto analyze
andreasoraboutprogramscould benefitfrom usingPrologasits visualizationmechanismn
this casethe specificationtechniquesn Chapters3 and 4 could be used. A constraintbased
layoutmechanisnis thenneededo combinedifferentgraphicalnotations.
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7.3 Specifying SV Systems

The way SV systemsare specifiedis importantto be ableto constructsystemsquickly and
effectively. A specialpurposespecificatiolanguageandenvironmentcanpotentiallyreducethe
costsof implementation An implementatioris morelikely to be errorfreeif the syntaxof the
languagematcheghe semantic®f the problem[94].

Previoussystemdave hadonly limited successvith specificatiorbecaus¢hey useaverylow
level approach.The declaratve specificationanguagesnay be no betterthan C for graphical
layout. Pavane[86] andLeonardd20] arenotper sebettervisualizationsystemghanPolka[96]
or Zeus[15]. In previousdeclaratve systemspumbersfrom run-timedataare usedto specify
the screercoordinate®f graphicalobjectson the screen.This approactis too limited for code
visualizationandarbitrarydatastructures.

Thiswork hasmadespecificatiormorepowerful andflexible by subdviding thevisualization
proces@ndgeneratindnighlevel graphicakonstraintsin thisway, thespecificatioris atahigher
andmoreabstractevel. In declaringaview, animplementordoesnot needto be concerneavith
the graphicalrepresentatiorandvice versa. Also visual representationandview declarations
canbereusedatherthanreimplementedif themappingbetweertheview contentandthevisual
contentis abijection,thena dynamiclegendcanbeimplemented.

It is alsousefulto specifyinteraction,becausehis addsmoreflexibility to the system,and
canbeusedfor mary differentthings,suchasbookmarksmenus changeso the mousecursor
datamanipulationrandnavigation. The userinterfacecanbe completelytailoredby thedata.

Declaratve specificatiormethodsarearguablymore suitablethanimperatize languagesbe-
causevisualizationis dataorientatecandnot sequential A knowledgeengineeringernvironment
mayalsohelpto represenheterogeneoudata.

7.4 The Role of Prolog in Software Visualization

It hasbeendemonstratethatPrologcanplay a centralrole in informationvisualizationandSV
systemsandcanspecifyevery visualandinteractve aspeciof a SV system.But thatdoesnot
necessarilynake it superiorto otherapproaches.

Prologhascertaincharacteristicthatmalke it particularlysuitablefor SV. The otherdeclara-
tive SV systemsbasetheirimplementation®n logic language$20, 86]. It providesanerviron-
mentfor knowledgeengineeringhatmanageshedataandanalysispartof SV, andit providesa
guerylanguagdor the contentof the views. Thiswork hasshaovn how thesetwo functionscan
becombined.

For specializedsystemswith limited scopeand fixed visualizationbehaiour, thereis little
adwantageto be gainedfrom the flexibility that Prologprovides. However it may be easierto
implementsucha systemusing a Prolog-basediisualizationtool like SVT. Systemsthat are
knowledgeorientatedrequireuserqueriesandoffer multiple views andflexible visualizations,
couldusethe specificatiorervironmentthat SVT provides.

Systemghatfocuson numericalandvolumetricdatawould derive only limited benefitfrom
Prolog. Existingtechniquegor numericaldataarealreadyvery powerful.

Althoughthe speedof Prologis not ashigh asC, andsomealgorithmsmay be betterimple-
mentedn C, it is notachoicebetweerPrologandC. Most Prologshave a C interface,soC and
Prologcanwork togetherto achiere the bestof bothworlds. SomePrologs,suchasBinProlog
andGNU Prolog, will actuallycompileto native codewhichis linkedinto the executable.

The useof Prologdoesnot have to berestrictedto SV. It providesa suitablemeta-language
for mary othertypesof knowledge.

1URL: http://wwwbinnetcorp.com
2URL: http://pauillac.ina.fr/ diazgnu-prdog
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7.4.1 Advantages of using Prolog as a Specification Language

Prologis a querylanguage Dataqueriescanbe formulateddirectly in thelanguage Pre-
viousdeclaratve approaches SV donot provide a databaséo query

Prologis a goodmeta-languagéor reasoningaboutsourcecode. Programmindanguage
rulescanbe expressedjuite naturallyin Prolog, which allows programstructurego be
queried.

Specificationsn Prologaredirectly executable Thereis no needto implementalanguage
interpreteecausexisting onescanbe used.Existing Prologimplementationgrelikely
to befar moreefficientthanad hocdeclaratve implementations.

Prologhasgoodtheoreticalfoundations.This allows formal reasoningisingexisting vi-
suallanguageheory

Prologis Turing powerful.
Prologis alreadywidely usedin otherapplications.

Unlike imperatie languagesPrologis a high level languagegoodfor knowledgeengi-
neering.

Prologhasa built in mechanisnior parsingtext.

Its untypedexecutionallows heterogeneoudatato be passedhroughthe visualization
pipeline.

Prologis dynamic.The codecanbe modifiedat runtime, for exampleto addnew queries
andchangehevisualizationandactionrelations.New codecanbeloadedat run-time.

Prologis introspectve. This meanghatit canqueryitself, for exampleto shov the visu-
alizationrelationin thelegend.Thisis impossiblein imperatve languages.

Any graphicaloutputmechanisntanbeused.

As discussedh Section6.5.8,theseadvantagesrenot necessarilypeculiarto Prolog.

7.4.2 Disadvantages of Prolog

Prologis not very suitedto applicationgprogrammingoecaus®f its executionmodeland
datahandling. In factPrologis evenusedto implementpartsof Microsoft Windows NT
[46].

Its executionspeeds inferior to low level languagesike C.

Thereis overheadn providing a Prologvirtual machineandexecutionervironment.

Many sourcesof dataare providedin C which mustbe corvertedinto Prolog. However
Prologcanaccessuchdatathrougha C interface.

Large numericaldatasetsare more efficiently manipulatedn C. But Prologcancall C
functionsfor intensive computations.

Theoutputmustbefed to a graphicalconstraintsolver. The graphicalconstraintsolver is
slower andmuchtrickier to implementthandirectly mappedyraphics.
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7.5 Information Visualization in SVT

SVT provides a very generalframenork for information visualization. By implementinga
knowledgedatabasén Prolog,anddeclaringthe visualizationervironmentat a high level, ary
type of informationvisualizationcanbe implemented.SVT implementsa completegraphical
browsingernvironmentfor thedata.

This approachprovides an alternatve to the traditionallow level imperative programming
methodof implementingvisualization.By usinga morehigh level languageo declarethe visu-
alizationsystemdirectly, developmentimescouldbegreatlyreduced.

7.5.1 Formalizing Information Visualization

The underlyingsemantionodelwas demonstratedo be an effective methodof expressingvi-
sualization. A very wide rangeof views have beenexpressedn the model. By ensuringthat
eachvisualizationis decomposedhto a bijection betweenthe semanticsandits representation
(or syntax),the taskof specificationis simpified,andthe mappingbetweenthe semanticand
thegraphicakepresentationanbe madeflexible. The specificatiorandimplementatiorof SVT
usesthis formal model.

A formal theory of visualtypeswas proposedandwasalsoshown to be an effective basis
for implementationlt is dueto this work thataninteractive legendcould beimplemented The
model of interactionis alsoformal, and can even be usedto expressotherformal modelsof
interaction,suchasCCS|[69], givenin SectionC.5.2. Therehasbeenalmostno previouswork
ontheformaltheoryof SV.

7.6 Contrib ution

A theoreticamodelof visualizatiorhasbeendevisedthatexpresseghehighlevel relation-
ship betweencomputergraphicsandits underlyingsemantics.While othersuchmodels
exist [44] they arenotapplicableto SV becausehey arerestrictedto numericaldata.

A generaltechniquefor specifyingvisualization,visuallanguagesinteractionandSV in
Prologhasbeendeveloped.

A genericvisualizationtool hasbeenimplementedhat usesthe theoreticalmodel and
specificatiormethod.

A link hasbeenestablishedetweernvisualizationandknowledgeengineering.

A SV systemthatis basedupon this model and specificationmethodhas beenimple-
mented.

Somenew visualizationsndvisuallanguagesncludingtheuseof colourin Nassi-Shneid-
ermandiagramg72] have beendeveloped.

New methodof interaction suchasabrowserstyleinterfaceandinteractve modification
of thelegendhave beendemonstrated.

The new techniquesntegrateSV with visual programmingand text-baseddevelopment
ervironments.

7.7 Future Directions

Thereseemdlittle doubtthat the recentadvancesin software tools will continue. Graphics,
visualizationandinteractie techniquesook certainto play arole,aswill greatereusabilityand
automationof software creation. Programmindanguagesre continuallyevolving to meetthe
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needof theday, andthehardwareon whichthey run. As methodf programminghangethen
somustthe methodsof visualization.

Thereare also mary uncertaintiesfor examplewhat will be the next major programming
paradignmshift, theuseof parallelismandformal methodspr evenwhethertextual programming
canbereplacedentirely by naturallanguageyisual,immersie, interactive or artificial intelli-
gencesystemsMaybea combinationof all of thesetechnologiesvill play arole.

In softwarevisualization the goalmuststill beto senetheuser throughpowerandusability
More informationshouldbe presentedh moreways.But power andflexibility shouldnotcome
atthe expenseof usability Automationmustmake surethattheincreasegower andflexibility
is accessiblavithout undulyimpedingthe user Intelligenceis requiredto anticipatethe correct
dataandgraphicgo output,andto make views adaptto the dataandsearctrcriteria. Interaction
with theviews andthe applicationcould manipulatedataandprovide directmeansof querying
and navigation. Specificatiorthroughgraphicalandinteractve techniquesvould tailor visual-
izationsolutionswith minimumeffort. Finally integration of thedifferenttypesof SV with other
developmentoolswould realizethesepotentialbenefits.

Vmaxgoessomeway to tacklingthesessuesput muchfurtherwork discussedh Section6.5
is neededSV basednknowledgeengineerindn Prologprovidesastrongalternatve to existing
approachedyut canonly complementatherthansupersedexisting work.
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Appendix A

Definitions

This appendixcontainsmathematicatlefinitionsthat have not beenincludedelse-
where.

Definition 16 (Atoms). Let bethesetof atoms.

An atomis anindivisible unit of informationsuchasa nameor a number andtheset is
infinite. For examplea, b, ¢, charles harry, 3, and3.14 areall atoms.

Definition 17 (Terms). ThesetoftermsT is thesmallestsetclosedunder

For examplef(1), parent(node(123456)) andharry areall terms.

Definition 18 (Relations). If and are sets,then is arelationbetween and if and
only if

Definition 19 (Composition of relations). If is a relationbetween and ,and isa

relationbetween and ,whee , and aresetsthen istherelationbetween and
definedby
and
Notethatrelationcompositioris associatie,becauséor relations , and
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Appendix B

Documentation

Thesenotesprovide a brief summaryof the predicatesand functionsavailable to
developersvhowishto createvisualizationsisingSemantid/isualizationTool, and
to extendits capabilities.Only the publicly availablepredicatehave beenlisted.

B.1 Running SVT

SVT isinvoked
$ svt [options] [file] [argl arg2 ... argn]

wherefile containghespecificatiorfor thevisualizationsystenin fcompiledSICStusProlog.
Optionalargumentsaig1 ... agn arepassedo Prologandmaybereadby the useraguments/1
predicate Theoptionaloptionsmayinclude

-aarmgument- Argumentargumentis passedo the Prologprogram.

-l file - Loadsthe fcompiledPrologfile. Filesareloadedin the orderthey appearon the
commandine.

-p path- Specifieghe SVT directory Otherwisethis valueis obtainedfrom the erviron-
mentvariable$SVT_PATH.

Xt options- To customizeheappearancef the userinterface.

B.2 SVT Predicate Summary

In additionto thebuilt in Prologpredicate$59], SVT providesmary predicategor visualization
and interaction. Only the mostimportantpredicatesare listed here. Vmax addsmary more
predicatedor Java, file systembrowsingandrun-timedatastructuresPredicategreeither

[Extensible]- Thesepredicatesredeclarecasmultifile andareintendedo beaugmented
by usercodeto implementthe visualizationsystem.

[Not extensible]- Thesearepredicateshatprovide functionalitythatwould not normally
beaugmentedby theuser

[Dynamic] - Theseextensiblepredicatesredeclaredasdynamicandmaybe modifiedat
run-timeto storedatathroughthe assert/landretract/1predicates.

SICStusProlog’'s modulesystemis usedto preventnameclashesUnlessotherwisespecified,
all SVT andVmax predicatesrein themodulesvt
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166 B.2. SVT PREDICA'TE SUMMARY

B.2.1 View Predicates

createviewer(ViewContet, VisualContet, ActionContet, ReactionConte) [Not extensible]
Createsa main viewing window with a text pane,statusbarand pull-down menus. The
initial view shown in the mainviewing areahasview context ViewContext, visualization
contet VisualContet, actioncontext ActionContext andreactioncontext ReactionCon-
text.

currentview_contet(ViewContext) [Not extensible]Returnsthe view contet of the current
view in ViewContext.

navigate as(ObjectViewContext) [Not extensible]Changeshe currentview context to visual-
ize Object or if thatfails, useViewContext.

navigateto(ViewContext) [Not extensible]Changeghe view contet to ViewContect. This
will alsoensurehatthe contentf theview arecurrentby calling ensurefresh/1

new_view(ViewContet, VisualContet) [Not extensible]Changeghe view contet to View-
Contect andthevisualizationcontext to VisualContet. Thisis adirectcall thatdoesnot
ensurehatdatais loaded.

new_view_context(ViewContext) [Not extensible]Changeghe view contet to ViewContext.
This is adirectcall thatdoesnot ensurethe validity of the view contect or automatically
loadsdata.

new_visual contect(VisualContet) [Not extensible]Changeshevisualizationcontext to Visu-
alContet, andredraws the view.

new_zoomview(ViewContet, VisualConteat) [Not extensible]Changeghe preview window
to have view context ViewContext andvisualizationcontet VisualConteat. The preview
window is updated.

popupframe(MewContet, VisualContat, ActionContet, ReactionConte) [Not extensible]
Createsa viewing window with no text pane,statusbar or pull-down menus. The initial
view shavn in themainviewing areahasview context ViewContext, visualizationcontext
VisualConteat, actioncontect ActionContext andreactioncontext ReactionConte.

refreshview [Not extensible]Redisplayghe currentview, which is usefulif the information
contentof theview is known to have changed.

retrieve_thumbnailview [Not extensible]Setsthe view andvisualizationcontet of the main
viewerto theview andvisualizationcontext of the current(bookmark)view.

save thumbnailview [Not extensible]Setsthe view and visualizationcontet of the current
(bookmark)view to theview andvisualizationcontet of the mainviewer.

swap thumbnailview [Not extensible]Swapstheview andvisualizationcontets of thecurrent
(bookmark)view andthe mainviewer.

viewport object(Object]Not extensible]Returnghe objectObjectbeingvisualized.

B.2.2 Visualization Predicates

add component(V6ual, Id, Component)[Extensible] This predicatecan be usedin placeof
objectcomponent/3ut is usedto addobjectcomponent$o anexisting object.

anchorexpressionid(ExpressionObject, Id) [Not extensible]Returnsan identifier Id for an
anchorexpressionExpressionn avisualobjectObject

anchorexpressiogprimitive(ExpressionQObject, Id, Primitive) [Not extensible] Returnsthe
graphicalconstraintsPrimitive of ananchorexpressionExpressiorin avisual objectOb-
Jjectwith anchoridentifier/d.
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objectcomponent(¥éual,Id, Component)]Extensible]Declareshe objectcomponentdor a
visualobjectVisual with identifier [d. Components typically alist of components.

objectprimitive(Componentd, Primitive) [Not extensible]Specifieshe graphicalconstraints
Primitive thatanobjectcomponentComponentienerates avisualobjectwith identifier
Id.

view(Object,ViewContet, Description)[Extensible]Declareshattheview context ViewCon-
text canbe usedto visualizeentity Object andthe view descriptionis Description If a
visualizationis nottied to a particularentity, then Objectis theatom{].

view_content(\lewContext, ViewContent)[Extensible] Specifiesthe query thatdeclares
whatthe contentViewContentis for a particularview context ViewContext.

visualcomponent(¥ual, Component]Extensible]Declareghat Componentis a visual that
is addedo theview whenthevisual Visualis. Componenimaybealist of visuals.

visual content(\lewContentVisualizationContet, VisualContent]Extensible][Dynamic] Sp-

ecifiestherelation thatdeclareshow view contentViewContentis mappedo visual
contentVisualContenfor a particularvisualizationcontext VisualizationContet.

visual context(ViewContext, VisualContet) [Extensible]Declareghat the visualizationcon-
text VisualContet is suitablefor displayingthe view context ViewContext.

visualprimitive(Visual, Primitive) [Not extensible]Specifiesthe graphicalconstraintsPrimi-
tive thataregeneratedby avisual Visual

B.2.3 Legend Predicates

content(Contentlype, Description)[Extensible] The contentterm Contenthastype Type and
descriptionDescription This predicatecan be usedinsteadof contenttype/2 and con-
tentdescription/2

contentdescription(ContentDescription) [Extensible] Declaresthat the information content
Contenthastextual descriptionDescription This text appearsn thelegendalongsidehe
symbol.

contenttype(ContentJype) [Extensible]Declareghetyperelation thatassigngypesType
to informationcontentContent

visual(Msual, Type, Description,Symbolld, Symbol) [Extensible] Thevisualterm Visual has
type Type descriptionDescription andhasa symbol Symbol in the legendwith object
id Symbolld Symbolis the visual that appearsn the legend. This predicatecombines
visualdescription/2visual type/2andlegendsymbol/2

visualcontext_description(\kualContet, Description)[Extensible] Declaresthat the visual-
izationcontext VisualContet hastextual descriptionDescription Thistext apperasn the
Form pull-down menuthatselectslternatve visualizationcontexts for thedata.

visualdescription(\lkual, Description)[Extensible] Declaresthat the visual Visual hastex-
tual descriptionDescription This text appearsn the pop-upmenuthatselectsalternatve
graphicaformsfor the content.

visualtype(Msual, Type) [Extensible]Definesthetyperelation thatassigngypesType for
thevisual Visual
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B.2.4 Interaction Predicates

action(ActionContgt, Action, Reaction)[Extensible]Declaresthatin actioncontext Action-
Context, theusers input Action hasresponse&keaction

mousecursor(Cursor]Not extensible]Changeshe mousecursorto Cursor Valid cursorsare
hand norma| watch zoominandzoomout

popupmenu(Menu)[Not extensible]Postsa pop-upmenuat the mousecursor Menu is the
menucontet identifyingthe menuto display

popupmodal(Title, MessageButtons, Result) [Not extensible]Popsup a modaldialog box
(onethatmustbe dismissedeforethis predicatereturns)with title Title, messagetring
Messagea list of stringsButtonsgiving a list of buttons. Resultreturnsthe button that
waspressedor 0 for cancel.

popuptext(Title, Prompt,Default, Result)[Not extensible]Popsupamodaldialogbox prompt-
ing the userto entertext, which is returnedin Result Title is thetitle of the dialogbox,
Promptis the explanatorytext, and Default is theinitial text. If the userhits the Cancel
button,theunit atom[] is returnedn Result

pulldown_.menu(MenuConte, Text) [Extensible] Declaresa pull-down menuwith menubar
text Text andmenucontet MenuContet.

reaction(ReactionConté Reaction)[Extensible] This predicatémplementsesponseo user
input, andis calledwhenerer areactionReactionmneedso be executedn reactioncontext
ReactionConte.

set statustext(Text) [Not extensible][Changeghetext in the statusharto Text.

B.2.5 Text Predicates

buffer(Object,Buffer) [Dynamic] Assignsthetext buffer Buffer to entity Object

createfile_buffer(Filename,Buffer, TextNode, Type) [Not extensible] Createsa text buffer
Buffer andloadsthe file Filenameinto it. The text nodeof this file is TextNode and
thebuffer is givenanassociatedlype Type

deletetext node('ExtNode) [Not extensible]Deletesthe text in the text node TextNode from
its buffer.

insertbefore(ExtNode, Text) [Not extensible]insertsthe string Text immediatelybeforethe
text node TextNodein thetext nodes buffer.

lex_buffer(Buffer, Lexemes)[Not extensible]Applies the buffer Buffer's lexical analyserand
returnsalist of lexemesl exemes Eachlist membelis a pointerto atext node.

lexemefloat(TextNode,Float) [Not extensible]Takesthe addres®f a text node TextNodeand
returnsthefloating pointnumberFloatin thetext.

lexemeinteger(TextNode,Integer) [Not extensible[Takesatext nodeTextNodeandreturnsthe
integer Integerin thetext.

lexemelength(extNode, Length) [Not extensible]Returnsthe length Length of a text node
TextNode

lexemestring(TextNode,String) [Not extensible]Returnghe contentof atext node TextNode
asanatom.

lexemestring list(TextNode,String) [Not extensible]Returnghecontentof atext nodeTextN-
odeasastringof chars.
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move_text_cursorto(TextNode) [Not extensible]Movesthe text cursorin the editing window
to thegiventext node TextNode

nodestructure(‘BxtNode, Type, Children) [Not extensible]Returnsthe type Type for a text
nodeTextNode andits list of child text nodesChildren

objectsize(ObjectSize) [Not extensible]Returnsthe sizein bytesSize of an objectObjects
text node.

parsebuffer(Buffer, TextNode) [Not extensible] Applies the buffer Buffer's lexical analyser
andparserandreturnsthetext node TextNodethatis theroot of the parsetree.

parsetree(Bufer, Tree)[Not extensible]Appliesthebuffer Buffer'sassociatetexical analyser
andparserandreturnsaterm Treedescribingheentireparsetree. Theterm Treeis of the
form node('ype, TextNode, , , ..., ), whereTypeis aninteger, TextNodeis the
addresf its text node,and aresubtermf the sameformat.

reloadbuffer(Buffer, TextNode)[Not extensible]Re-readshecontentof thetext buffer Buffer
from the externalsourcetypically thefiling systemandreturnsthe new text TextNode

save buffers [Not extensible]Ensureghatall of thetext buffersthathave changedarewritten
to disk. Usebeforerunningprogramghatcould examinethesefiles.

text_node(ObjectTextNode)[Dynamic] Assignsthetext node TextNodeto anentity Object

token(TextNode, Type) [Not extensible]Returnghetype Type of atext node TextNode

B.2.6 Miscellaneous Predicates

colour(Colour (R, G, B)) [Extensible]DefinescolournamesColourfor usein objectcompo-
nentsandvisuals.

contains(RootDescendent)Not extensible]This is thetransitive closureof member/2

contains(RootDescendentDepth) [Not extensible]The sameas contains/Zbut only searches
to amaximumdepthof Depth

currenttime([Y,Mo,D,H,Mi,S]) [Not extensible]Returnghecurrenttime asyearY, monthMo,
dayof monthD, hour H, minuteMi andsecondS.

darken(Colour1Colour2)[Not extensible[TakesacolourColourlandreturnsacolour Colour2
thatis darker.

ensurefresh(Object)[Extensible] Makessurethatthe given entity Objectis loadedandis up
to date.This predicatds calledevery time theview contet is changed.

identifier(Object]dentifier) [Extensible]Declareghatthe entity Objecthasa textualidentifier
Identifier.

lighten(Colour1Colour2)[Not extensible[Takesacolour Colourlandreturnsacolour Colour2
thatis lighter.

long_.identifier(Object,Identifier) [Extensible] Declaresthat entity Object hasa long textual
identifier Identifier.

member(Rrent, Child) [Extensible] [Dynamic] Declaresa relationshipbetweenParentand
Child.

shortidentifier(Objectldentifier) [Not extensible]Declareghatentity Objecthasa shorttex-
tualidentifier Identifier.

systemcall(Command]Not extensible]Executeghe shellcommandCommandandwaitsfor
theprocesgo terminatebeforereturning.
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systemprocess(CommandNot extensible]Executeghe shellcommandCommandanddoes
notwait for the procesgo terminatebeforereturning.

timer_start[Not extensible]Resetgheinternaltimer.

timer_stop(Tme) [Not extensible]Returnsthe elapsedime Time (in secondsyincetimer.st-
art/a

uid(UID) [Not extensible]Returnsa uniqueidentifier UID. This is extremelyusefulwhendy-
namicallydeclaringnew entitieswith uniguenames.The returnedUID is aninteger so
thatit canbeindexedefficiently. uid/1 is implementedasa counter

userarguments(List)Not extensible]Returnsthelist List of agumentgpassedo SVT when
it wasinvoked.

B.3 Vmax Predicate Summary

B.3.1 Filing System
compressed(FilgNot extensible]File File is compressed.
directory(File)[Dynamic] File is adirectory
ensurepathloaded(Rath) [Not extensible]Readsn thedirectoryspecifiedby Path
executable(File]Dynamic] File is anexecutabldile.
file(File) [Dynamic] File is afile.
file_age(File Age) [Not extensible]ReturngheageAge (in secondsdf afile File.

file_barename(FileBareName)[Not extensible]Returnsthe filenameBareNamewithout its
file extensionfor afile File.

file_extension(File Extension)[Not extensible]ReturnghefilenameextensionExtensiorfor a
file File.

file_fullname(File, Name]Not extensible]File File hasfull nameName for example/usr/bin/-
netscape

file_path(File,Path) [Dynamic] File File haspathPath whichis alist of directories.For exam-
ple /usr/bin/netscapeiould have path[netscapebin, usr]

file_timestamp(File[Y,Mo,D,H,Mi,S]) [Dynamic] returnsthe creationdateof thefile File, as
yearY, monthMo, dayof monthD, hour H, minuteMi andsecondS.

filenameinformation(Rath,Status)Not extensible]Returnghetypeof file Statusof afile Path
in thefiling system. This queriesthe operatingsystemdirectly, andreturnso if thefile
doesnotexist, 1 if it is aregularfile, 2 if it'sasymboliclink, and3 if it's adirectory

getlist from_path(Filenamel.ist) [Not extensible]Determineghefile’s pathList from its full
filenameFilename For example/usr/bin/netscapeiould return[netscapebin, usr].

headeffile(File) [Not extensible]File File is aheadefile.
homedirectory(Dir) [Not extensible]Directory Dir is theusers homedirectory

homedirectory path(RithName]Not extensible]Returnsanatom PathNamegiving the users
homedirectory$HOME

java_sourcefile(File) [Not extensible]File File is Jasa sourcecode.
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malke file_fullname(DirNamefilename FullName)[Not extensible]Returnsghe completefile
pathFullNamefor afile Filenamein directory DirName

malefile(File) [Not extensible]File File is amalkefile,asdeterminedy its filename.
pathid(Path,Id) [Not extensible]Returnsa uniqueidentifier Id for agivenpathPath
picturefile(File) [Not extensible]File File is graphicsasdeterminedy its filenameextension.
prolog source(File [Not extensible]File File is Prologsourcecode,with suffix .pl.
readable(File]Dynamic] File File is readable.

root directory(Dir) [Not extensible]Directory Dir is theroot directory

sourcecode(File)[Not extensible]File File containssourcecode. This is determinedy the
filenameextension.

svt path(RithName]Not extensible|ReturnsanatomPathNamecontaininghevalueof $SVT-
_PATH.

writable(File) [Dynamic] File File is writable.

B.3.2 Java Source Code

Thesepredicatesrein themodulejava

block(Block, Statements)Dynamic] Block is ablock of statementstatements

block statement(Statememg|ock, Statements)Dynamic] Statements ablock Block of state-
mentsStatements

buffer(File, Buffer) [Dynamic] Thejavafile File hasbuffer Buffer.
break statement(Statemer{i)ynamic] Statements a breakstatement.
breakstatement(Statementabel) [Dynamic] Statemenis a breakstatemento label Label

cachedcalls(Method1Method2)[Dynamic] Thisis a precomputedersionof methodcalls/2
thatstoresthat Method1calls Method2

cachedreference(Method/ariable)[Dynamic] Thisis aprecomputedersionof methodrefs/2
thatstoreshat Method1referenceshevariableVariable

casestatement(StatemenExpression,Text) [Dynamic] Statemenis a casestatementwith
caseExpressionvith text nodeText.

class(Class)Not extensible]Classis a Java class.

classmember(Classylember)[Not extensible]ReturnanemberdVlemberwhicharemembers
of theclassClass This includesmembersnheritedfrom supertypes.

classmethod(ClassViethod)[Not extensible]ReturnsmethodsVethodwhich aremethodsn
theclassClass Thisincludesmethodsnheritedfrom supertypes.

classpath(Dir) [Not extensible]Returngthe directoryDir of the Jara sourcecode.May return
multiple solutionson backtracking.

conditionalstatement(Statemer€ondition, CText, Then) [Dynamic] Statemenis an if-then
statementvith conditionexpressionCondition text nodeof theconditionCText, andbody
statementhen

conditionalstatement(Statemer@pndition,CText, Then,Else)[Dynamic] Statements an if-
then-elsestatementvith conditionexpressionCondition text nodeof theconditionCText,
whichtakesthe statementhenif true,andFalseif false.
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constructor(Method)Not extensible]indicateshat Methodis a constructor

containsstatement(Statement$tatement2]Not extensible] StatementStatementicontains
statemenStatementZor examplewithin ablock.

continuestatement(Statemerii)ynamic] Statements a continuestatement.

continuestatement(Statemeritabel) [Dynamic] Statemenis a continuestatemento label
Label

declaration(DeclaratiorfNot extensible]Declarationis a Javadeclaration eitheraclassor an
interface.member/Qjivesthemember®f thedeclarationandidentifier/2 shortidentifier-
/2 andlong.identifier/2returndescription®f the declaration.

declaration(DeclaratiorClass pe, Modifiers, Extends,Interfaces,ClassHeader]Dynamic]
Declaratioris adeclaratiorof a ClassTpe whichis eitherclassor interface Its modifiers
modifiersis the term are modifiers(AbstractFinal, Access,Static, Transient,Volatile,
Native, Synchronized) Extendsis the nameof the classit extends,andinterfacesis a list
of classedt interfaces.ClassHeadeis thetext nodeof the headeof theclass.

declarationstatement(Statemeigecls)[Dynamic] Statements adeclaratiorstatementieclar
ing thelist of declarationdecls

default statement(Statemerjpynamic] Statements a defaultlabel.

directsubinterfice(Class|nterface)[Not extensible]Classor interface Classdirectly imple-
mentsinterface

direct subtype(Supertyp&ubtype)[Not extensible]ClassSubtypeextendsclassSupertype

direct superinteréce(Interéce,Class)[Not extensible]Classor interfaceClassdirectly imple-
mentsinterface

direct supertype(Subtyp&upertypeNot extensible]ClassSubtypeextendsclassSupertype

do while_statement(Statemengondition, CText, Body) [Dynamic] Statements a do-while
statementvith conditionexpressionCondition conditiontext nodeCTerm andstatement
body Bodly.

empty statement(Statemeriipynamic] Statements anemptystatement.

expressioncalls(ExpressionContet, Method) [Not extensible] The expressionExpression
callsthemethodMethodin context Context.

expressionreference(Expressiogontet, Variable) [Not extensible]The expressionExpres-
sionreferenceshevariableVariablein context Context.

expressionstatement(StatemeitExpression]Dynamic] Statements anexpressiorstatement
with expressiorExpressionExpressions atermstoringthe structureof theexpression.

expressiontype(ExpressionContext, Type) [Not extensible] The expressionExpressionhas
type Typein context Contet.

find_declaration(ype, Declaration)[Not extensible]Findsthe declaration(classor interface)
Declaratiorthatis referrecto in aJavatype Type An arrayof aclasswill returntheclass.

find_variable(NameContet, Variable)[Not extensible]Returnsthe variable Variablethatthe
nameNamerefersto, whenusedin the context Context. Context containghelocal decla-
rations.

for_statement(Statemenitit, IText, Condition,CText, Incr, IncText, Body) [Dynamic] State-
mentis afor statementvith initializer expressionnit andtext nodelText, conditionex-
pressionCondition and text node CText, incrementatiorexpression/ncr and text node
IncText, andstatemenbody Body.
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hasname(ObjectQualifiedName)Dynamic] Variable,declaratioror methodObjecthasthe
fully qualified name QualifiedName e.g. java.lang.Objectnvould have qualified name
[‘Object’, ‘lang’, ‘java’l.

importall_declaration(File]d, Package)[Dynamic] Javafile File importsall the declarations
from packagePackage e.g.java.io would have packagdio, java]. Id is the identifier of
theimport statement.

import.declaration(Fileld, Declaration) Dynamic] Javafile File importsthedeclarationDec-
laration e.g.java.io.OutputStreanwould have declaratiory'OutputStream’/'io’, ‘java’l.
Id is theidentifierof theimport statement.

initializer(Variable,ExpressionDynamic] The variable Variableis initialized by the expres-
sion Expression

interface(Interce)[Not extensible]interfaceis a Jasa interfacedeclaration.

is_abstract(Method)Not extensible]Methodis anabstracmethod.All methoddeclarationsn
interfacesareconsideredo beabstract.

is_native(Method)[Not extensible]Methodis a native method.

is_private(Member)[Not extensible] Classmember(methodor variable) Memberis private
(hasprivateaccess.)

is_protected(MemberNot extensible]ClassmemberMemberis protected.
is_public(Member)[Not extensible]ClassmemberMemberis public.

svtjava sourcefile(File) [Not extensible]File is a file containingJava sourcecode. This is
determinedsolelyby its file extension.

labelledstatement(Statemerttabel) [Dynamic] Statemenis alabel statementvith label La-
bel

male_qualifiedname(List, Bxt) [Not extensible]Returnstext Text for a qualfiednamedList.
e.g.['Object’, ‘lang’, ‘java’] returnsjava.lang.Object

method(Method]Not extensible]Methodis a method which maybeabstracbr native.

method(MethodType, Modifiers,Params,Throws, BlockStmt,Statements)Dynamic] Method
is amethodwith returntype Type modifiersModifiers parameter®aramsasalist of vari-
ablesthrows Throws asalist of classnamesBlockStmtastheidentifierof theblockbody,
and Statementsisthelist of statementi themethodbody.

methodcalls(Method1,Method2) [Not extensible] The method Method1 calls the method
Method2

methodrefs(Method Variable)[Not extensible]Method Method referenceshe variable Vari-
able

methodcontainsstatement(MethoGtatement]Not extensibleJJavamethodMethodcontains
the statemenStatement

methodentry point(Method,Statement]Not extensible]StatemenStatements thefirst exe-
cutablestatemenin methodMethod

methodsub expression(Method=xpressionContext) [Not extensible]Method Method hasa
sub-epressionExpressiorin context Context, which is the declarationghatapplyto the
expression.

nameof(Name, QualifiedName,Object) [Dynamic] Object Object hasfully qualified name
QualifiedNamendshortnameName This mirrorshasname/2but is indexeddifferently.



174 B.3. VMAX PREDICATE SUMMARY

nonstaticinitializer(ld, Block, Statements)Dynamic] The non-statidnitializer Id hasa block
Block of statementStatements

package(FilePackage)Dynamic] Javafile File is in packagePackagee.g.packaggava.lang
would bestoredflang, java].

packagedeclaration(ld)Dynamic] Id is apackageleclaration.
parameter("riable)[Dynamic] Indicatesghatthegivenvariableis a parameteto a method.

programfile(ParseTee,File) [Not extensible]Performgheanalysisof theparseree Parse Tee
of thefile File.

reachable(MethodMethod2,Prey, Visited) [Not extensible]MethodZ2is reachabldrom Me-
thod1 and Prev is the methodthat calls Method2 Visited is a list of methodsalready
visited (to preventlooping),whichis initially [].

returnstatement(Statemer{ipynamic] Statements areturnstatemenwith no returnvalue.

returnstatement(StatemeriExpression)[Dynamic] Statemenis a return statementhat re-
turnsthe expressionExpression

scandirectory(Directory)Not extensible]Readsn all of the Jarasourcefilesin a givendirec-
tory Directory.

statement(Statemerii)ynamic] Statements a Java statement.

statemengentry point(Statement-ntryPoint)[Not extensible]Givesthe statemenentry point
EntryPoint thefirst statemenéexecutedwithin acompoundstatemenStatement

statemengxit_point(StatementxitPoint) [Not extensible]Givesthe statemenexit point Ex-
itPoint the last statemengxecuted ,within a compoundstatementStatement May give
multiple exit pointsuponbacktracking.

statemenfollows(Method,Stmt1,Stmt2, Type) [Not extensible]in methodMethod statement
Stmtl is followed by statementStmt2 with transitiontype Type Type may be one of
case(Label)default else for, for_exit, sequencghen while, while_exit.

statementext(Statement,é@t) [Dynamic] Java statemenStatemenhastext Text.

staticinitializer(ld, Block, Statements]Dynamic] Staticinitializer Id hasa block Block of
statementsStatements

switch statement(StatemenEondition, CText, Block, StatementsjDynamic] Statementis a
switch statementvith condition expressionCondition conditiontext node CText, anda
block Block of statementsStatements

suhexpression(ExpressionExpression2)[Not extensible] Finds a sub-expressionExpres-
sion2of anexpressiorExpressionl

suhexpressiondecl(Statemenbecls,Expr, NewDecls)[Not extensible]JFindsthesub-epress-
ion Expr nestedwithin a statementStatementandreturnsthe list NewDecls of declara-
tionsthatapplyto thatsub-epression.

subinter&ce(Interéce, Class)Not extensible]Classor interfaceClassdirectly or indirectly im-
plementsnterfacelnterface

subtype(Supertyp&ubtype)[Not extensible]Thetransitve closureof direct subtype/2 Jasa
classSubtypeis a subtypeof Supertype

superinterce(Class,Inteaice)[Not extensible]Classor interface Classdirectly or indirectly
implementdnterfacelnterface

supertype(Subtyp&upertype]Not extensible[Java classSupertypéas asupertypef Subtype
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synchronizedstatement(StatemenExpression,Text, Body) [Dynamic] Statemenis a syn-
chronizedstatementwith lock Expressiofttext node Text, andstatemenbody Body.

throw_statement(Statemeitixpression]Dynamic] Statements athrow statementhatthrows
theexpressionExpression

try_statement(StatemerJock, StatementsCatchesfBlock, FStatements)Dynamic] State-
mentis atry-catches-finallyblock, with mainbody Block of statementStatements list
Catchesof catchblocksof the form catch(Ext, Variable, CBlock, CStatementsnda
finally block FBlock of statement&Statements

variable(\ariable)[Not extensible]Variableis a variable.

variable(\ariable, Type,Modifiers) [Dynamic] Variableis avariableof type Typeandmodifiers
Modifiers

while_statement(StatemenGondition, CText, Body) [Dynamic] Statemenis a while state-
mentwith conditionexpressionCondition conditiontext nodeCTerm andstatemenbody
Boay.

B.3.3 Java Run-time

java:addtracepoint(StatemerExpressionTracePoint]Not extensible]Addsatracepoint Ex-
pressionbeforea statementStatementandreturnsthe identifier of the tracepoint Trace-
Point

trace:ap_next_input(Inputl,input2) [Not extensible]Findsthe next input event Input2 after
Inputl

trace:ag_prev_input(Inputl,Input2) [Not extensible]Findstheinputevent/nput2immediately
preceedindnputl

ensuretraceloaded(File)Not extensible]Loadsthe contentof tracefile File.

trace:&ent(Input,File, EventNo, Time, Value) [Dynamic] Inputis aninputeventin atracefile
File, with associatedventnumberEventNg thatoccurredattime Time, andwhosevalue
is Value

trace:net_input(Inputl,Input2?) [Not extensible]Findsthenext inputeventinput2 after Input1,
thathasthe sameeventnumber

trace:pre_input(Inputl,input2) [Not extensible]Findsthe input event Input2 preceedingn-
putlonthesameeventline.

java:tracepoint(EventNo, String, Statement]Dynamic] EventNois aneventnumberthatex-
aminesvalue String atjava statemenStatement

trace:alue(\alue, String, Term) [Dynamic] Valueis avaluein a tracefile, thatexaminesthe
variableString andwhosevalueis encodedn term Term Termis

array(\alues)- An arraywith list of valuesValues
float(Float)- A float or doublewith value Float
integer(int)- An int with valuelnt.

null - A null object.

object(ld,Class,Fields) - An objectwith objectid Id, classnameClass and Fields
is alist of memberof theform field(FieldNameValue)

object(ld)- An objectwith objectid Id.
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B.3.4 Prolog Source Code

execclause(ClauseNot extensible]Declareghatthe clauseClauseis executablej.e. notin
thescratcharea.

userclause(ClauselTerm) [Dynamic] Storesa clauseClausewith the structureof the clause
storedby theterm Term

userterm(FunctorArity, Description)[Extensible] Definesa new termto go in the Change
functormenu,with new functor Functor new arity Arity anddescriptionDescription

userview_content(\fewContet, Content)[Dynamic] A dynamicversionof view_content/2
thatcanbe modifiedby theuserat run-time.

userview_context(Object, ViewContext, ViewDescription)[Dynamic] A dynamicversionof
view/3 thatcanbe modifiedby theuseratrun-time.

uservisual context(ViewContet, VisualContat) [Dynamic] A dynamicversionof visual con-
text/2 thatcanbemodifiedby theuserat run-time.

scratchterm(Clause]Dynamic] Declareghatthe clauseClauseis in the scratcharea.

B.4 Visuals Defined by SVT

This informationis displayedby selectingList visualsfrom the Debug menu.

B.5 Visual Object Components Defined by SVT

[H T] A list of objectcomponents.
P1=abae(P2)ConstraingheanchorP1 to beabove anchorP2

alignment(ObjectAlign) Setsthe alignmentof the visual object Objectto be Align within its
container

anchor(E)An anchorexpressionE.
P1=belav(P2) ConstraingheanchorP1 to bebelow theanchorP2

Id=colour(Colour)Attributesthe colour Colour (as definedby the colour/2 predicateor as
(R,G,B)) to the objectcomponentd.

contain(ObjectA, B, C, D) Containsa sub-objectObjectwith cornersA, B, C andD.
Id=container(AB, C, D) Createanemptycontainerld with cornersA, B, C andD.

Id=container(A,B, C, D, E, F, G, H) Createsan empty container/d with the cornersof its
boundingcuboidA, B, C, D, E, F, G andH.

insert(ContainerObject) Insertsan objectObjectinto anemptycontainer
P1=further(P2ConstraingheanchorP1 to befurtherthananchorP2
fillcontainer(Object)Setsthe alignmentof thevisualobjectObjectto fill its container
P1=leftof(P2)ConstraingheanchorP1 to beleft of anchorP2

line(Points)Declaresa sequencef line segmentsalongthelist of anchorsPoints
ld=line(Points)Declaresa sequencef line sgmentsid alongthelist of anchorsPoints

P1=nearer(P2LonstraingheanchorP1 to be nearetthananchorP2
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oscale(ScaleA, B, Value, Vector) Offsetsthe anchorB by Vectorfrom A, where is the
weightingof thevalue Valuein thescaleScale takenfrom theorigin.

polygon(Points)Createsa polygonwhoseverticesaregivenby thelist of anchorsPoints The
polygon shouldnot be self-intersectingand the verticesshould go clockwise or anti-
clockwise.

ld=polygon(PointsCreatesa polygonwith identifier Id with list of verticesPoints

ld=multicontainer(A,B, C, D) Createsan emptycontainerwith cornersA, B, C andD, into
which multiple objectscanbeinserted.

P1=rightof(P2)Constrainghe anchorP1 to beright of anchorP2

scale(ScaleA, B, Value, Vector) Offsetsthe anchorB by Vectorfrom A, where is the
weightingof thevalue Valuein thescaleScale

text(Text, A, B, C, D) Declaresatext componentvith string Text with corneranchorsA, B, C
andD.

ld=text(Text, A, B, C, D) Declaresa text componentwith string Text andidentifier Id with
corneranchorsA, B, C andD.

ld=thickness(Thicknes#ttributesthethicknessThickness(in pointvalues)o theline Id.

ld=transparengValue)Attributesthetranspareng Value (betweerD and1l) to the objectcom-
ponent/d.

xalign(P1,P2) Aligns two anchorsP1 andPZ2in thex axis.
yalign(P1,P2) Aligns two anchorsP1 andP2in they axis.

zalign(P1,P2) Aligns two anchorsP1 andP2in the z axis.

B.6 Graphical Constraints Defined by SVT

alignment(ObjectAlign) VisualobjectObjectis givenalignmentAlign, whichis readby con-
tainingobjectssuchastables.Align maybe
bottom- Objectis alignedto the bottomof the container
fill - Objectis expandedn bothx andy axisto fill the container
left - Objectis alignedto theleft of the container
right - Objectis alignedto theright of the container
top - Objectis alignedto thetop of thecontainer
xfill - Objectis expandedn thex axisto fill thecontainer
yfill - Objectis expandedn they axistofill the container

colour(Object(R, G, B)) Attributesvisual objectObjectwith the RGB colourvalue (R, G,B)
contains(A,B) SpecifieghatvisualobjectA containsvisualobjectB.

fill_edge(ld,A, B) An edgebetweenwo visualobjectsA andB. Thistype of edgeis laid out
asahierarchicalist.

graph(ld X, Y) A graphld with axeslabelledX andY.
graphpoint(ld, X, Y, Z) A samplepointon agraph,with identifier Id atposition(X,Y,Z2).

hieredge(ld,A, B) An edgebetweentwo visualobjectsA andB, thatis laid out horizontally
asahierarchy
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icon(ld, Type) An icon Id with type Type

insert(ObjectPosition,Child) Passes child objectChild to avisualobjectObjectin position
Position

insertableobject(ObjectName)DeclaresaninsertableobjectObjectwith nameName
lensedge(ldA, B) An edgeld betweertwo visualobjectsA andB, laid outasafish-gse.
list_edge(ldA, B) An edgeld betweertwo visualobjectsA andB, laid outasa verticallist.

multi_container(ObjectCreatesvisualobjectObjectwhich cancontainary numbetrof objects
which arelaid outin a 2-D palette usingthe contains/Zconstraint.

order(ObjectOrder) AssignsanorderOrderto avisualobjectObject whichis usedto present
visualobjectsin a certainsequence.

scale(ld)Declaresascaleld in theview, for comparingnumericalalues.

size(ObjectScale,Value) Setsthe sizeof thevisual object Scaleaccordingto thevalue Value
in scaleScale

table(ld, Cols, Rows) Createsa table Id with Cols columnsand Rows rows. If Colsis zero,
thenthetableis filled from topto bottomandthenumberof columnss variable.If Rowsis
zero,thenthetableis filled from left to right andthenumberof rowsis variable.Otherwise
thetableis filled left to right.

text window(TextNode)Placeghecontentof thetext node TextNodein theeditingareaof the
viewer,

title(Title) Setsthetitle of the view to bethestring Title.

v_stack(ld,A, B) Createsa new visual object/d thatputsvisualobjectA above visual object
B.

B.7 Actions Defined by SVT

click(Object, Buttons, Times) The mousehasbeenclicked on object Object with the mouse
buttonsButtons Timestimes. Buttonsis theterm[Left, Middle, Right, Shift], whereLeft
is the left mousebutton, Middle is the middle mousebutton, Right is the right mouse
button,and Shift is the shift key, which areeitheron or off.

drag(From,To, Buttons)A mousedragfrom objectFromto object To, with the mousebuttons
Buttons

key(Object,Key) A key Key hasbeenpressedvith the mousecursorover objectObject
linger(Object)The mousecursoris restingover anobjectObject

menu(MenuContd, MenuText) An itemfrom amenuMenuContet with menutext MenuText
hasbeenselected.

move(ObjectButtons)ThemousecursorhasmovedoveranobjectObject with mousebuttons
Buttons

B.8 Views Defined by Vmax

This informationis displayedby selectingList views from the Debug menu.
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B.9 The C++ Interface

B.9.1 Adding Graphical Constraints

The baseclassesvnode Vobject Vattribute Vcompoundand Vassociatioraredeclaredn the

file svtvisual.hlisted below. An instanceof the classSVT_declarevisual shouldexaminethe

Prologterm passedo the methodDeclarevisual() andreturna new instanceof the specified
class,or return 0 if no matchis found. Thesehandlersorm a chain. The instantiatedvisualis

automaticallyaddedo the scenegraph.

The C++ codeis linked to the SVT objectfiles to producea new executablewith the new
constraint.

The File svt_visual.h

/I Defines classes for creating visual  constraints in SVT
/I Written by Calum Grant
/I Copyright (C) Calum Grant 1998, 1999
#ifndef ~ SVTVISUAL_H
#define  SVTVISUAL_H
namespace SVT
{
class Vnode
{
public:
int  p[5]; /I Internal data
Vnode();
virtual “Vnode();
virtual void On_reset();
virtual void On_structure();
I3
class Vobject public  Vnode
{
public:
double d[14]; /I Internal data
int p[25]; /I Internal data
/I Structure query:
class Vassociation *First_assoc(int&) const;
class Vassociation *Next_assoc(int&) const;
class Vattribute *First_attrib(int&) const;
class Vattribute *Next_attrib(int&) const;
/I Bounding box manipulation:
void Set_size(const double*);
void Set_position(const double*);
const double* Get_size() const;
const double* Get _min_pos()  const;
void Get_max_pos(double*) const;
Vobject(int);
virtual “Vobject();
virtual void On_reset();
virtual bool On_attribute(class Vattribute*);
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virtual void On_reset_size();

virtual void On_set_size(const double*);
virtual void On_set_position(const double*);
virtual void On_draw() const;

class Vcompound : public Vobject

{
public:
int  p[2]; /I Internal data
Vobject  *First_child(int&) const;
Vobject  *Next_child(int&) const;
Vcompound(int);
virtual “Vcompound();
virtual void On_reset();
virtual void On_reset_size();
virtual void On_set_size(const double*);
virtual void On_set_position(const double*);
virtual void On_draw() const;
I3
class Vassociation : public  Vcompound
{
public:
int  p[14]; /I Internal data
Vobject *From() const;
Vobject *To() const;
Vassociation(int id, int from, int to);
virtual “Vassociation();
virtual void On_reset();
virtual void On_structure();
I3
class Vattribute : public  Vnode
{
public:
int  p[13]; /I Internal data
Vobject  *Object() const;
Vattribute(int);
virtual “Vattribute();
virtual void On_reset();
I3

class SVT_declare_visual
{
public:
SVT_declare_visual();
virtual Vnode *Construct_visual(int)=0;
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SVT_declare_visual *next;

h

char  *StringTerm(int); /I Convert string terms to char*
double FloatTerm(int); /I Convert float terms to double
int IntTerm(int); /I Convert int/float terms to int
void VectorTerm(int, double*); /I Convert (X)Y,Z) terms to double*
}
#endif

B.9.2 The Graphical User Interface

Thefunctionality of SVT is completelyindependentf thetype of graphicaluserinterface.All
communicatiorwith thegraphicalserinterfaceis donethroughtheclassesainBaseand View-
Base declaredn thefile svt.h Theseareabtractbaseclassesandthe actualinterfaceis imple-
mentedn their derivedclassesAn interfacefor Motif 1.2 hasbeenimplemented.

The File svt.h

/I GUI interface for SVT
/I Written by Calum Grant
/I Copyright (C) Calum Grant 1998

#ifndef  SVT_H
#define  SVT_H

namespace SVT
{
enum SVT_cursor { SVT_ARROW,SVT_WAITING, SVT_ZOOMIN, SVT_ZOOMOUT,
SVT_POINT };
enum SVT type { SVT_MAIN, SVT_THUMBNAIL, SVT_ZOOM, SVT_PLAN,
SVT_LEGEND, SVT_POPUP};

class ViewBase

{
public:

class View *data;
public:

ViewBase();

virtual “ViewBase();

void GL_draw();
void Drawing_speed(int);

void Input_event(int input, int dO, int di1, int d2);

void Key_press(int key);

void Mouse_move(int x, int 'y, int shift, int  ctrl);

void Mouse_pause(int X, int vy);

void Mouse_press(int X, int 'y, int I, int m, int r, int shift int  ctrl);
void Mouse_release(int X, int 'y, int I, int m, int r, int shift, int

void Main_viewer();

void Reset_view();

void Editor_insert(int offset, char *text);
void Editor_delete(int offset, int length);
void Editor_update();

void Resize_view();

void Refresh_view();
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Menu_select(int id, int item);
Popup_select(int);
Duplicate_view(ViewBase*);
Reset_viewpoint();
Background_process();

/I These functions are called by SVT:

Window_width()=0;
Window_height()=0;
GL_redraw()=0;
Mouse_cursor(SVT_cursor)=0;

Pulldown_menu(char *itle, int id, char*)=0;
Inactivate_pulldown(int id)=0;

Popup_menu(char**)=0;

Status_text(const char*)=0;

Set_text_window(const char*text, int size, bool ro0)=0;
Get_text_window(int &length)=0;

Set_text_position(int position)=0;

Lock_editor()=0;

Set_title(const char*)=0;

SVT_type Get_type()=0;

void

void

void

void

void

void Help();
virtual int
virtual int
virtual void
virtual void
virtual void
virtual void
virtual void
virtual void
virtual void
virtual char*
virtual void
virtual void
virtual void
virtual

virtual void
virtual void
virtual void
virtual void

class MainBase

{

class

public:

MainBase(const

virtual

Main

Set_frame_size(int, int)=0;
Destroy()=0;
Start_background_process()=0;
Stop_background_process()=0;

*data;

char*path=0);

"MainBase();

void Boot();
int add_data(char*pred, int data);

int  remove_data(char*pred, int data);
int load_prolog(char*filename);

char

public:
virtual
virtual
virtual
virtual

const
const

virtual

const
const

virtual
b
}

#endif

I

*Boot_error();

These functions are called by SVT:

bool

Break()=0;

ViewBase *Create_popup()=0;
ViewBase *Create_viewer()=0;

char

*Get_string(const char *title,

char *prompt,
char *def)=0;

int

Get_option(const char *title,

char *prompt,
char **buttonlist)=0;

char

**Get_user_arguments(int&)=0;
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Further Examples

Thisappendixcontainscompleteandfully functioningexamplesof thespecification
techniqueskor reason®f concisenesshey werenotbepresenteéh full in themain
body of this dissertation.

C.1 Views

All views (shown in Figure 4.3)

view([], views, CAll  views’).

visual_context(views, views).

view_content(views, titte(Welcome to Vmax’)).

view_content(views, view(navigate_to(C), D)) -
view_context([],C,D), D \== separator.

All Java interfaces (shown in Figure 5.17)

view([], java_interfaces, ‘Java interfaces’).
visual_context(java_interfaces, VS).
view_content(java_interfaces, titte('Java Interfaces’)).
view_content(java_interfaces, interface(l,T)) -

javainterface(l),
long_identifier(l, T).

The Java class hierar chy (shown in Figure 5.20)

view([], java_classhier, ‘Java class hierarchy’).
visual_context(java_classhier, VS).
visual_context(java_classhier, fisheye).
visual_context(java_classhier, tree).
view_content(java_classhier, title('Java class hierarchy’)).
view_content(java_classhier, class(Class,Name)) -

java:class(Class),

short_identifier(Class,Name).
view_content(java_classhier, contains(Super,Sub)) -

java:class(Sub),

183
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java:direct_supertype(Sub,Super).

Complete call graph

view([], call_graph, ‘Complete call graph (cached)).
visual_context(call_graph, VS).

view_content(call_graph, titte(Complete call graph’)).
view_content(call_graph, function(F,1)) -

java:method(F),

long_identifier(F,I).
view_content(call_graph, calls(A,B)) -

java:method(A),

java:cached_call(A,B).

Method calls within a class (shown in Figure 5.26)

view(C, cached_calls(C), 'Method calls within class (cached)’) -
java:class(C).

visual_context(cached_calls(), VS).

view_content(cached_calls(C), title('Method calls  within  ,I])) -
long_identifier(C,1).

view_content(cached_calls(C), function(F,1)) -

java:class_method(C,F),
identifier(F,I).

view_content(cached_calls(C), calls(A,B)) -
java:class_method(C,A),
java:cached_call(A,B),
java:class_method(C,B).

References to a variable

view(V, cached_variable_refs(V), 'References to variable (cached)’) -
java:variable(V).

visual_context(cached_variable_refs(), VS).

view_content(cached_variable_refs(V),

title(References to variable D) -
long_identifier(V,I).
view_content(cached_variable_refs(V), function(M,1)) -

java:cached_reference(M,V),
long_identifier(M,).

C.2 Visualization Relations

Thefollowing exampleshows the visualizationrelationsfor block structuredProlog(shown in
Figure5.53).

% Query structured

visual_context_description(query, ‘Query’).
visual_content(tpm_predicate(ld,H,T), query, tpm_predicate(ld,H,T)).
visual_content(or_term(ld,A,B), query, query(ld,or,A,B)).

visual_content(and_term(Ild,A,B), query, query(ld,and,A,B)).
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visual_content(if_term(ld,A,B),
visual_content(term(ld, Text,List),
visual_content(variable_term(ld,Text),

% Block structured

visual_context_description(block,
visual_content(tpm_predicate(ld,H,T),
visual_content(or_term(ld,A,B),
visual_content(and_term(Ild,A,B),
%visual_content(if_term(ld,A,B),
visual_content(if_term(ld,A,B),
visual_content(term(ld, Text,List),
visual_content(variable_term(ld,Text),

% English

visual_context_description(prolog_englis
visual_content(tpm_predicate(ld,H,T),
visual_content(or_term(ld,A,B),
visual_content(and_term(ld,A,B),
visual_content(if_term(ld,A,B),
visual_content(term(ld, Text,List),
visual_content(variable_term(ld,Text),

% Tree

visual_content(tpm_predicate(ld,H,T),

visual_content(or_term(Id,A,B), tree, tree_node(ld,[',[A,B], red)).
visual_content(and_term(Ild,A,B), tree, tree_node(ld, '&',[A,B], orange)).
visual_content(if_term(ld,A,B), tree, tree_node(ld, < [A,B], red)).
visual_content(term(ld, Text,List), tree, tree_node(ld,Text,List, palegreen)).
visual_content(variable_term(ld,Text), tree, tree_node(ld,Text,[],yellow)).
% Prolog
visual_context_description(prolog, 'Prolog’).
visual_content(tpm_predicate(ld,H,T), prolog, tpm_predicate(ld,H,T)).
visual_content(or_term(Ild,A,B), prolog, infix_text(ld,”;",A,B)).
visual_content(and_term(Ild,A,B), prolog, seq_text(ld,, "A,B)).
visual_content(if_term(ld,A,B), prolog,  pl_if(Id,A,B)).
visual_content(term(ld, Text,List), prolog, prolog_text(ld,Text,List)).
visual_content(variable_term(ld,Text), prolog, text(ld,Text)).
C.3 Visuals
A labeled edge in a hierarchy
visual(labeled_hier_edge(A,B,Text,Colour ), [-A,-B,str(Text)],

[A ', colour, hierarchical edge labeled °, Text],

Symbol,

[

container(Symbol),

text(p(Symbol), ‘A,

text(c(Symbol), 'B’),

contains(Symbol, p(Symbol)),

labeled_hier_edge(p(Symbol), c(Symbol), Text, Colour)

] ) :- Colour = red ; Colour = blue ; Colour=green.

visual_component(labeled_hier_edge(A,B,T
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query, query(ld,if,A,B)).
query, pl_term(ld,Text,List)).
query, colour_text(ld, Text,yellow)).
'‘Block  structured’).
block, tpm_predicate(ld,H,T)).
block, pl_or(ld,A,B)).
block, pl_and(ld,A,B)).
block, infix_text(ld, < ', AB)).
block, block_clause(ld,A,B)).
block, pl_term(ld,Text,List)).

block, colour_text(ld, Text,yellow)).

h, ’English’).
prolog_english, tpm_predicate(ld,H,T)).
prolog_english, infix_text(ld,’or’,A,B)).
prolog_english, infix_text(ld,’and’,A,B)).
prolog_english, infix_text(ld,’if’, A,B)).
prolog_english, pl_english(ld, Text,List)).
prolog_english, text(ld, Text)).

tree, tpm_predicate(ld,H,T)).

ext,Co lour),
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[
hier_edge_colour(A,B,Colour),
edge_label(A,B,Text)

D

A coloured if-then-else structure in a Nassi-Shneiderman Diagram

visual(nsd_coloured_if(ld,C,T,F), [+1d,-C,-T,-F],
'NSD coloured if-then-else’, Symbol,
[
nsd_coloured_if(Symbol, cond(Symbol), true(Symbol),
false(Symbol)),
nsd_statement(true(Symbol), if true’),
nsd_statement(false(Symbol), if  false’),
string(cond(Symbol), condition)
D
visual_component(nsd_coloured_if(If,Cond, True,F alse),

[
nsd_if(If,Cond,True,False),
nsd_if_colour(If)

D

C.4 Visual Objects

A labeled inter connecting arrow

visual(jvl_assign(ld,Text,L,R), [+1d,-L,-R,str(Text)], |left arrow’,
Sym,
string(left(Sym), a),
string(right(Sym), b),
jvl_assign(Sym,Text,left(Sym),right(Sym )
D-
object_component(jvl_assign(ld,Text,L,R), Id,

[

text(Text, p,q,x1+(5,0),y1+(-5,0)),
x=midpoint(c,d),

y:midpoint(e,f),

contain(L,a,c,b,d),

contain(R,e,g,f,h),

yalign(c,e),

yalign(d,f),,

line([x1=x+(4,0), yl=y+(-4,0)]),
polygon([x1+(4,3), x1, x1+(4,-3)])

D

An if-then-else structure in a Nassi-Shneiderman Diagram

visual(nsd_if(ld,C,T,F), [+1d,-C,-T,-F], 'NSD if-then-else’, Symbol,
[
nsd_if(Symbol, cond(Symbol), true(Symbol), false(Symbol)),
nsd_statement(true(Symbol), if o true’),
nsd_statement(false(Symbol), if  false’),
string(cond(Symbol), 'Condition’)

D

object_component(nsd_if(Object, Condition ,True ,False), Object,
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[

cond=contain(Condition,a+(10,-2),b+(-1 0,-2), g+(10, 2),h+(
contain(True,g,e,c,f),

fillcontainer(True),

contain(False,e,h,f,d),

fillcontainer(False),

11=line([g,a,b,h]),

I1=thickness(2),

[2=line([g+(10,0), a)),
I2=thickness(2),
13=line([h+(-10,0), b)),

I3=thickness(2)
D

A labeled dialog selection button

visual_component(select(ld, Text,on),

select(ld, Text,darkgrey,lightgrey,dark red)).
visual_component(select(ld, Text,off),

select(ld, Text,lightgrey,darkgrey,grey ).
object_component(select(ld, Text,Top,Bott om,Face), Id,

[
t=text(Text,a,b,p4+(10,-2),c),
p3=p4+(-10,0),
p2=p4+(0,10),
pl=p2+(-10,0),
i1=pl1+(2,-2),
i2=p2+(-2,-2),
i3=p3+(2,2),

i4=p4+(-2,2),
face=polygon([il,i2,i4,i3]),
face=colour(Face),
I1=polygon([p1,p2,i2,i1]),
I1=colour(Top),
I12=polygon([p1,p3,i3,il1]),
I12=colour(Top),
d1=polygon([p3,p4,i4,i3]),
dl=colour(Bottom),
d2=polygon([p2,p4,i4,i2]),
d2=colour(Bottom)

D

C.5 Interaction

Interacting with the bookmarks

action(click(_, [on, off, off, off], 1), thumbnail, retrieve_view).
action(click(_, [off, off, on, off], 1), thumbnail, swap_menu).
reaction(swap_views, thumbnail) - swap_thumbnail_view.
reaction(retrieve_view, thumbnail) - retrieve_thumbnail_view.
reaction(save_view, thumbnail) - save_thumbnail_view.
reaction(swap_menu, thumbnail) - popup_menu(thumbnail).

reaction(refresh, thumbnail) - refresh_view.

-10,2) ),
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C.5.1 Menus

The bookmarks menu (shown in Figure 4.28)

action(menu(thumbnail, 'Bookmark’), thumbnail, save_view).
action(menu(thumbnail, 'Retrieve’), thumbnail, retrieve_view).
action(menu(thumbnail, 'Swap’),  thumbnail, swap_views).
action(menu(thumbnail, 'Refresh’), thumbnail, refresh).

Menu to modify the structure of terms (shown in Figure 5.56)

action(menu(term_menu(Term), ‘Increase arity’), svt, increase_arity(Term)).
action(menu(term_menu(Term), '‘Decrease  arity’), svt, decrease_arity(Term)).
action(menu(term_menu(Term), 'Cut’), svt, cut_term(Term)).
action(menu(term_menu(Term), 'Copy’), svt, copy_term(Term)).
action(menu(term_menu(Term), 'Paste’), svt, paste_term(Term)).
action(menu(term_menu(Clause), 'Delete  clause’), svt,

delete_clause(Clause)) -
user_clause(Clause).
action(menu(term_menu(Clause), '‘Duplicate clause’), Sswt,
duplicate_clause(Clause)) -
user_clause(Clause).

C.5.2 An Implementation of CCS

CCSJ69] is a theoreticalcalculusof communicatingsystems.This exampleshows thatformal
modelsof interactioncanbe expressedvithin SVT’s action/reactionmodel.

% Demo of CCSin action/reaction model.

% CCSterms are represented P1|P2|P3|... for concurrency,
% and [T1,T2,...] is a process.

% Transitions of +X and -X are reduced.

% The silent  transition tau is automatically reduced.

% Restriction of a name X is marked nu(X).

% Renaming is marked [New/Old].
% [] accepts no reductions.

action(trans([tau|S],tau), ccs, 9S).
action(trans((A|B),T), ccs, (Al|B)) :- action(trans(A,T), ccs, Al).
action(trans((A|B),T), ccs, (A|Bl1)) :- action(trans(B,T), ccs, B1).
action(trans([+X|S],+X), ccs, 9S).
action(trans([-X|S],-X), ccs, S).
action(trans([H1|S],T), ccs, [H2|S]) :- action(trans(H1,T), ccs, H2).
action(trans([nu(X)|S0],T), ccs, [nu(X)|S]) -

action(trans(S0,T), ccs, S), restrict(X, T).
action(trans([[B/A]|S0],T), ccs, [[B/A]|S]) -

action(trans(S0,T0), ccs, S), rename(A, B, TO, T).
action(trans((A0|BO0),tau), ccs, (AB)) -

action(trans(A0,X), ccs, A),

action(trans(BO0,Y), ccs, B),

neg(X,Y).
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action(trans([write(X)|S],tau), ccs, S) - write(X).

neg(+X, -X).

neg(-X, +X).

restrict(X, +X) - 1, fail

restrict(X, -X) - 1 Afalil

restrict(_, ).

rename(A, B, +A, +B) :- L

rename(A, B, -A, -B) :- L

rename(_, _, A, A).

reaction(S0, ccs) - action(trans(S0,tau), ccs, S), reaction(S, cCs).

reaction(_, cCs).

- Dispenser = (TeaDispenser | CoffeeDispenser),

TeaDispenser = [-t,-p,-p,-p,*+tea|TeaDispenser],

CoffeeDispenser = [-c,-p,-p,+coffee|CoffeeDispenser],

Personl = [+c,+p,+p,-coffee,+drunk_coffee],

Person2 = [+t,[p/coin],+coin,+coin,+coin,-tea,+dr unk_te a],

M1 = [-drunk_coffee, write('Drunk the coffee. )|M1],

M2 = [-drunk_tea, write('Drunk the tea. )|MZ2],

reaction((Dispenser | Personl | Personl | Person2 | M1| M2), ccs).

% Output is: Drunk the tea. Drunk the coffee. Drunk the coffee.

C.6 A Scientific Calculator

This examplegivestheimplementatiorof the scientificcalculatorin Figure6.2.

% Calculator application implemented in SVT

% Written by Calum Grant

- module(svt).

- multifile view_content/2, view/3,  action/3, reaction/2,
object_component/3, visual_content/3, visual_component/2,
visual_context/2, visual/5, visual_context_description/2.

popup_calculator -

popup_frame(calculator([0,'=",0,1,true ,0]), calculator, svt,  swt).

% Management of calculator state

calculator:evaluate(A, B, '+, A+B).

calculator:evaluate(A, B, -, A-B).

calculator:evaluate(A, B, ™, A*B).

calculator:evaluate(A, B, 7, A/B).

calculator:evaluate(A, B, XV, exp(A,B)).

calculator:evaluate(_, N, =, N).

calculator:evaluate(A, "2, A*A).

calculator:evaluate(A, sgrt, B) - A>=0 -> B is sqrt(A); B is nan.

calculator:evaluate(A, sin,  sin(A)).

calculator:evaluate(A, cos, COs(A)).

calculator:evaluate(A, tan, tan(A)).



190 C.6. A SCIENTIFICCALCULATOR

calculator:evaluate(A, "1/xX, 1/A).
calculator:evaluate(A, In, B) - A>0 -> B is log(A); B is nan.
calculator:evaluate(A, exp, exp(A)).
calculator:evaluate(_, 'cC, 0.
calculator:evaluate(A, X, B) :-
A>170 -> B is inf;
A2 is truncate(A), A>=0 -> factorial(A2,B);
B is nan.
calculator:memory(_, R, 'MC, 0, R).
calculator:memory(M, R, 'M+, M+R, R).
calculator:memory(M, R, 'M-, M-R, R).
calculator:memory(M, _, ‘MR, M, M).
calculator:input(digitpress(D), [,F,0,_,false,Mem],
[R2,F2,02,M2,12,Mem2]) -
calculator:input(digitpress(D), [0,F,0,1,true,Mem],
[R2,F2,02,M2,12,Mem2]).
calculator:input(functionpress(’.’), [,F,0,_.false,Mem],
[0,F,0,0.1,true,Mem]).
calculator:input(digitpress(D), [R,F,O,M,true,Mem],
[R2,F,O,M,true,Mem]) -
(M=1; M=-1), !, R2is R*10 + M*D.
calculator:input(digitpress(D), [R,F,O,M,true,Mem],

[R2,F,O0,M2,true,Mem]) -

M2is M* 0.1, R2is R+D*M.
calculator:input(functionpress(’.’), [R,F,O,M,true,Mem],

[R,F,O,M2,true,Mem]) -

(M=1; M=-1), M2is M*0.1.
calculator:input(functionpress(’+/-'), [R,F,O,M,I,Mem],

[R2,F,0,M2,I,Mem]) -

R2is -R, M2is -M.

calculator:input(functionpress(Fn), [R,F,O,M,_,Mem],
[R2,Fn,R2,M,false,Mem]) -
calculator:evaluate(1,1,Fn,_), calculator:evaluate(O,R,F,R3),
R2 is RS3.
calculator:input(functionpress(Fn), [R,F,O,M,_,Mem],
[R2,F,0,M,false,Mem]) -
calculator:evaluate(R,Fn,R3), R2 is R3.
calculator:input(functionpress(Fn), [R,F,O,M,_,Mem],
[R2,F,0,M,false,M2]) -
calculator:memory(Mem,R,Fn,M3,R3), M2 is M3, R2 is R3.
digit(Atom, Digit) - name(Atom, [N]), name('0’, [Zerq]), Digit is

Digit<10, Digit>=0.

factorial(M, 1) - M=< 1.
factorial(A, B) - A>1 Nis A-1l, factorial(N,X), B is A*X.
% Define the calculator buttons
calculator:digit(D, P) :-
D=7, P=20; D=8, P=21; D=9, P=22;
D=4, P=24; D=5, P=25; D=6, P=26;
D=1, P=28; D=2, P=29; D=3, P=30;
D=0, P=33.
calculator:function(F, P) -
F="MR’, P=1; F='MC, P=2; F="M+, P=3;
F="M-", P=4; F="1/x, P=5; F=sin, P=6;
F=cos, P=7; F=tan, P=8; F=In, P=9;

N-Zero,
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F=exp, P=10; F='xI", P=11; F=XY, P=12;
F="+, P=23; F="-, P=27; F=", P=31;
F=r, P=35; F='+/-, P=32; F="., P=34;
F="C, P=51; F="2, P=52; F='sqgrt’,P=53;
F="=', P=54.

calculator:button(calculator:digit(D), D, P) - calculator:digit(D,

calculator:button(calculator:function(F) , F, P) :- calculator:function(F,

% Declare the calculator view

view([], calculator([0,'=’,0,1,true,0]), "Calculator’).

visual_context(calculator(), calculator).

view_content(calculator( ), calculator_button(ld, Text,
calculator:button(ld, Text, Pos).

view_content(calculator([R]_]), result(result, R)).

% Declare the visualization relation

visual_context_description(calculator, 'Calculator’).

visual_content([], calculator, calculator).
visual_content(result(ld, Text), calculator, right_text(ld,

Pos))

visual_content(calculator_button(ld, Text, Pos), -calculator,

calculator_button(ld, Text, Pos)).

% Declare visuals for the calculator

visual(right_text(ld, Text), [+1d,  str(Text)], 'Right  aligned

Symbol, right_text(Symbol, Text)).

visual_component(right_text(ld, Text),
[
string(ld, Text),
alignment(ld, right)
D

visual_component(calculator,
[
title('Calculator’),
border_line(border, calculator, 5),
table(keypad, 4, 0),
calculator(calculator, result, keypad)

D

visual(calculator_button(ld, Str, Pos), [+Id, str(Str),
'Calculator button’, Sym, button(Sym, Str)).

visual_component(calculator_button(ld, Text, Pos),
[
button(ld, Text),
alignment(ld, fill),
contains(keypad, Id),
order(ld, Pos)

D

object_component(calculator(ld, Result, Keypad), Id,

[

num(

Text)).

text’,

Pos)],

P).

P).
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contain(Result, pl+(4,-4), p2+(-4,-4), p3+(4,4), p4+(-4,4)),
contain(Keypad, p3+(0,-5),p4+(0,-5), b3, b4),
I = line([p1, p2, p4, p3, pl),
| = thickness(2)
D
object_component(border_line(ld, Sub, S), Id,

contain(Sub,  a+(S,-S),  b+(-S,-S),  c¢#(S,S), d+(-S,9)),
line([a, b, d, ¢, a]
D

% Interaction with the calculator

% Define the mouse cursor changes

action(move(calculator:digit(_), ) svt, indicate(action)).
action(move(calculator:function( ), _), svt, indicate(action)).
action(click(calculator:digit(D), ) svt, digitpress(D)).
action(click(calculator:function(F),_,_), svt, functionpress(F)).
action(key(_, K), svt, digitpress(D)) -

digit(K,D),

current_view_context(calculator(_)).
action(key(_, K), svt, functionpress(F)) -

current_view_context(calculator()),
calculator:key(K,F).

action(key(_, K), svt, functionpress(K)) -
current_view_context(calculator()).

% Define the key bindings

calculator:key(\r’, =)
calculator:key(’ , 'C).
calculator:key('c’, 'C).
calculator:key("™, XY).
calculator:key('!, xP).

reaction(functionpress(Fun), svt) -
Fn=functionpress(Fun),
current_view_context(calculator([R,F,O, M,I,Me my))),
calculator:input(Fn, [R,F,O,M,l,Mem], [R2,F2,02,M2,12,Mem2]),
set_view_context(calculator([R2,F2,02,M 2,12,M em2))) ,
R2 \== R,
refresh_object(result(result, R2)),
restructure_view.

reaction(digitpress(Fun), svt) -
Fn=digitpress(Fun),
current_view_context(calculator([R,F,O, M,I,Me my))),
calculator:input(Fn, [R,F,O,M,l,Mem], [R2,F2,02,M2,12,Mem2]),
set_view_context(calculator([R2,F2,02,M 2,12,M em2])) ,
R2 \== R,
refresh_object(result(result, R2)),

restructure_view.

% Make the calculator appear in the action menu

action(menu(action( ), 'Calculator’), svt, calculator_popup).
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reaction(calculator_popup, svt) - popup_calculator.

% Create a calculator

- popup_calculator.



