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Abstract

In this article we show how to composeuserinterfaceswith InterViews, a userinterfacetoolkit we have
developedat Stanford. InterViews providesa library of predefinedobjectsand a set of protocolsfor
composingthem. A userinterfaceis createdby composingsimple primitives in a hierarchicalfashion,
allowing complexuserinterfacesto be implementedeasily InterViews supportsthe compositionof inter-
active objects(suchas scroll barsand menus),text objects(suchas words and whitespace)and graphics
objects(suchascirclesandpolygons).To illustratehow InterViews compositionrmechanismdacilitate the
implementatiorof userinterfaceswe presenthreesimpleapplications:a dialogbox built from interactive
objects,a drawing editor usinga hierarchyof graphicalobjects,and a classbrowserusinga hierarchyof
text objects. We alsodescribehow InterViews supportsconsistencyacrossapplicationsaswell asend-user

customization.

Keywords: userinterfacetoolkits, interactivegraphics,workstationapplicationssoftware.

1 Introduction

Graphicaluserinterfacesfor workstationapplicationsare inherentlydifficult to build without abstractions
that simplify the implementationprocess. To help programmerscreate such interfaces,we considered
the following questions: What sort of interfacesshould be supported?What constitutesa good set of
programmingabstractiondor building suchinterfaces? How doesa programmergo aboutbuilding an
interfacegiven theseabstractionsur efforts to developuserinterfacetools that addresghesequestions
havebeenguidedby practicalexperience We makethe following observations:

e All userinterfacesneednot look alike. It is desirableto maintaina consistent'look andfeel”
acrossapplicationsput usersoften havedifferentpreferencesFor example,oneusermay prefer
pop-upmenus while anotherinsistson pull-downmenus.Our tools mustthereforeallow a broad

rangeof interfacestylesand mustbe customizableon a peruserbasis.

e Userinterfacesneednotbe purely graphical. Many applicationdesignergrefericonicinterfaces

becausehey believenovicesunderstangicturesmore readily thantext. However recentwork
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[3] suggestghat excessiveuse of icons can confusethe userwith unfamiliar symbolism. A
textualinterfacemay be more appropriatén a given context. The choiceof graphicalor textual

representatioshouldfavor the clearestalternative.

e Userinterfacecodeshouldbe object-oriented.Objectsare naturalfor representinghe elements
of a userinterfaceandfor supportingtheir direct manipulation.Objectsprovidea goodabstrac-
tion mechanismgncapsulatingtateand operationsand inheritancemakesextensioneasy Our
experienceis that, comparedto a proceduralimplementation,user interfacesare significantly

easierto developand maintainwhenthey are written in an object-orientedanguage.

e Interactive and abstractobjectsshouldbe separate. Separatinguserinterfaceand application
code makesit possibleto changethe interfacewithout modifying the underlyingfunctionality
andvice versa. This separatioralsofacilitatescustomizatiorby allowing severalinterfacego the
sameapplication.lt is importantto distinguishbetweeninteractiveobjects,which implementthe

interface,and abstractobjects,which implementoperationn the dataunderlyingthe interface.

An effective way to supporttheseprinciplesis to equip programmerswith a toolkit of primitive user
interfaceobjectsthat usea commonprotocolto definetheir behavior The protocolallows userinterface
objectsto be treateduniformly, enablingin turn the introductbn of objectsthat composeprimitives into
completeinterfaces. Differentclassesof compositionobjectscan provide differentsortsof composition.
For example,one classof compositionobject may arrangeits componentdn abuttingor tiled layouts,
while anotherallows themto overlapin prescribedways. A rich setof primitive and compositionobjects
promotediexibility, while compositiontself represents powerfulway to specifysophisticateénddiverse
interfaces.

Compositionmechanismsare centralto the designof InterViews, a graphicaluserinterfacetoolkit
we havedevelopedat Stanford. InterViewsis a library of C++ [5] classeghat definecommoninteractive
objectsand commoncompositionstrategies Figure 1 depictshow objectsfrom the InterViewslibrary are
incorporatednto anapplication,andFigure2 showsthe relationshipbetweerthe variouslayersof software
that supportthe application. Primitive and compositionobjectsfrom the InterViewslibrary arelinked into
applicationcode. The window systemis entirely abstractedrom the application;the applications user
interfaceis definedin termsof InterViews objects,which communicatewith the window and operating
systems.

InterViews supportscompositionof three categoriesof object. Each categoryis implementedas a
hierarchyof objectclassederivedfrom a commonbaseclass. Compositionsubclassesvithin eachclass

hierarchyallow hierarchicalcompositionof objectinstances.

1. Interactiveobjectssuchas buttonsand menusare derivedfrom the interactor baseclass. Inter-
actorsare composedy scenes; scenesubclasseslefine specificcompositionsemanticssuchas

tiling or overlapping.
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2. Structuredgraphicsobjectssuchascirclesandpolygonsare derivedfrom the graphic baseclass.
Graphic objectsare composedby pictures, which provide a common coordinatesystemand

graphicalcontextfor their components.

3. Structuredtext objects such as words and whitespaceare derived from the text baseclass.
Text objectsare composedyy clauses; clausesubclasseslefinecommonstrategiedor arranging

componentdo fill availablespace.

The baseclassesdefine the communicationprotocol for all objectsin the hierarchy The composition
classesdefine the additional protocol neededby the elementsin a composition,such as operationsfor
insertingandremovingelementsand operationdor propagatingnformationthroughthe composition(see
the box entitled Primitive and CompositionProtocolsaccompanyinghis article).

Hierarchical compositiongives the programmerconsiderabldlexibility. Complexbehaviorcan be
specifiedby building compositionghat combinesimple behavior The compositionprotocolfacilitatesthe
taskof boththe designerof a userinterfacetoolkit andthe implementorof a particularuserinterface. The
toolkit designercan concentrateon implementingthe behaviorof a specificcomponentn isolation; the
interfacedesigneris free to combinecomponentsn any way that suitsthe application.

In this article we focus on using InterViews to build user interfaces. We presentseveralsimple
applicationsaandshowhow InterViewsobjectscanbe usedto implementtheir interfaces.We alsoillustrate
the benefitsof separatingnteractivebehaviorand abstractdatain severaldifferentcontexts. Finally, we

discussinterViews supportfor end-usercustomizatioraswell asthe statusof the currentimplementation.

2 Interactor Composition

An interactormanagesomeareaof potentialinputandoutputon a workstationdisplay A scenecomposes
a collectionof one or more interactors.Becausea sceneis itself an interactor it mustdistribut its input
andoutputareaamongits componentsin this section,we discussthe variousinterViews scenesubclasses
that providetiling, overlapping stacking,and encapsulatiorof componentsWe concentraten how these

scenesare usedratherthan giving their precisedefinitions.

2.1 Boxes and Glue

Considerthe simple dialog box shownin Figure 3. It consistsof a string of text, a button containing
text, and a white rectangularbackgroundsurroundedby a black outline. Pushingthe buttonwill cause
the dialog box to disappear The dialog box will maintaina reasonableppearancevhenit is resizedby
a window manager If partsof the dialog box previouslycoveredby otherwindowsare exposedthenthe

newly exposedegionswill be redrawn.
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Figure 3: A simpledialogbox

InterViewsprovidesabstractionshatcloselymodeltheelementssemanticsandbehaviorof thedialog
box. A userinterfaceprogrammeicanexpresghe implementatiorof the interfacein the sametermsasits
specification. The InterViews library containsa variety of predefinedinterfacecomponentswe will use
the following componentsn the dialog box:

e message, an interactorthat containsa string of text

e push button, aninteractorthat respondgo the pressof a mousebutton
e box, a scenethattiles its components

e glue, variable-sizedspacebetweeninteractorsin a box

e frame, a scenethat putsan outline arounda single component

Boxesand glue are usedto composethe other elementsof the dialog box. The compositionmodel
we useis a simplified versionof the TeX[1] boxesand glue model. This model makesit unnecessaryo
specify the exact placementof elementsin the interface,andit eliminatesthe needto implementresize
behaviorexplicitly.

Two types of box are used: an hbox tiles its componentshorizontally while a vbox tiles them
vertically. Glue is used betweeninteractorsin a box to provide spacebetweencomponents. Hglue
(horizontalglue) is usedin hboxes,while vglue (vertical glue) is usedin vboxes.

Eachinteractordefinesa preferredor natural size andthe amountby which it is willing to stretchor
shrinkto fill availablespace.Glue of variousnaturalsizes,shrinkabilifes, and stretchabilitescanbe used
to describea wide variety of interfacelayoutsandresizebehaviors.

Figure 4 depictsschematicallyhow the elementsof the dialog box are composedusing boxesand
glue. The correspondingpbject structureis shownin Figure 5, and the C++ code that implementsthe
dialogbox appearsn Figure6. The messageandbuttoninteractorsare eachplacedin an hboxwith hglue
on eitherside of them. The hglueto the left of the messagéasa naturalsize of a quarterof aninch and
cannotstretch,while the glue on the right hasa naturalsize of zeroand can stretchinfinitely (asspecified
by the constanthfil). If the dialogbox is resized(Figure 7), the mamin to the left of the messagewill not

exceeda quarterof an inch, while the spaceto the right can grow arbitrarily. Similarly, the button has
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Figure5: Objectstructureof dialog box composition

infinitely stretchablenglueto its left andfixed size hglueto its right, so thatthe mamgin to the right of the

buttonwill not exceeda quarterof aninch.

The hboxesare composedrertically within a vbox, separatedy piecesof vglue. The piecesof vglue
abovethe messageand below the button have a natural size of a quarterof an inch, while the vglue
betweenthe messagendthe buttonhasa naturalsize of half an inch. The innervglue can stretchtwice
as much as the outertwo piecesof vglue. On resize,therefore,the messageand buttoninteractorswill

remaintwice asfar apartfrom eachotherasthey are from the edgeof the dialog box.

22 Tray

Supposewve want a dialog box centeredatop anotherinteractor perhapgo notify the userof an error con-
dition. Furthermorewe want the dialogbox to remaincenteredf the interactoris resizedor repositioned.
Boxesandglue are inappropriatdor this type of non-tiledcomposition.

The tray scenesubclasgprovidesa naturalway to describelayoutsin which componentsfloat” in

front of a background.A tray typically containsa backgroundnteractorand severalother components
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whose positionsare determinedby a set of alignments. For example,the backgroundinteractormight
displaythe textin a documentothercomponentgould include variousmessageshuttons,and menus.
Eachalignmentof atray components to someothertargetinteractor which canbeanothercomponent
of the tray or the tray itself. The alignmentspecifiesa point on the target, a point on the componentand
the characteristic®f the glue that connectsthe alignmentpoints. An alignmentpoint can be a corner of
the interactor the midpoint of a side, or the center The tray will arrangethe componentdo satisfy all
alignmentsas far as possible. If necessarythe componentsand the connectingglue will be stretchedor

shrunkto satisfythe alignments.

Figure 8 showsa simple applicationin which a tray composes textualinterfaceand a dialog box.
The interactorcontainingtext anda scroll bar are composedvith an hbox and placedinto the tray asits
background.Whenthe dialogbox is requiredit is insertedinto the tray with its upperleft andlower right
cornersalignedto the correspondingornersof the tray. Figure9 showsthe arrangemenbf components,
and Figure 10 gives the code that implementsthe interface. The alignmentsinterposestretchablebut

non-shrinkableglue with a naturalsize of an eighthof aninch to maintaina minimum spacingbetween
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Figure 10: C++ codefor composingthe tray interface
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the edgesof the tray and the dialog box. Thesealignmentsguaranteethat the dialog box will remain
centeredatop the backgroundnteractorafter resizing (Figure 11). Note how the tray shrankthe dialog

box to satisfythe alignmentconstraintoncethe glue reachedts minimum size.

2.3 Deck

Anothercommoninterfaceis onein which the userflips (ratherthan scrolls) through“pages” of text or
graphicsas througha book. Suchan interfacecan be built in InterViews by composinginteractorswith
a deck. Theinteractorsin a deck are conceptuallystackedon top of eachotherso that only the topmost
interactoris visible (Figure 12). The deck’s naturalsize is determinedby the naturalsize of its largest
component A setof operationsallow “shuffling” the deckto bring the desiredcomponento the top.
Deckscanbe usedin othercontextsaswell. A setof color or patternoptionsin a dialogbox couldbe
composedvith a deck,allowing the userto flip throughthemuntil the desiredchoiceis reached.Alternate
menuentriescould be storedin a deckandinsertednto a menuto allow changesn the menus appearance

without havingto rebuildit eachtime.

24 Single Component Scenes

Boxes, trays, and decksare examplesof sceneswith arbitrary numbersof components.InterViews also
providesseveralsceneghatcanhaveonly onecomponent.Suchscenesarederivedfrom thescenesubclass
monoscene andservetwo purposes.

Somemonosceneserveas containersthat surroundanotherinteractor The frame usedto place a
borderaroundthedialogboxin Section2.1is oneexample.Otherexamplesncludeshadow frame, which
addsa drop shadowto its componentandtitle frame, which addsa banner A viewport is a monoscene
that scrolls an interactorlarger than the availablespace. Viewportsare useful for providing a scrolling

interfaceto non-scrollinginteractors.
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Figure 13: A simple drawingeditor application

Other monosceneprovide abstraction they are usedto hide the internal structureof an interactor
that is implementedas a composition. For example,the class menu is derived from monoscene. A
menuis implementedas a box containingthe interactorsthat representhe menuitems. However the
box compositionshouldnot be visible to a programmermwho wantsto usethe menuin a userinterface.
The monoscendidesthe implementatiorof menus,makingthem easierto understandand allowing their

structureto changewithout affecting otherinterfacecode.

3 Graphic Composition

Direct manipulationeditors allow the userto manipulategraphical representation®f familiar objects
directly. A drawing editor lets an artistdraw a circle and dragit to a new location. A music editor lets
a composerwrite music by arrangingnoteson staves. A schematiceditor lets an engineer‘wire up”
graphicalrepresentationsf circuits.

The programmerof suchsystemsmust provide underlyingrepresentationfor the graphicalobjects
anddefinethe operationghey perform. InterViewsprovidesa collectionof structuredgraphicsobjectsthat

simplifiesthe programme's task.

3.1 A Simple Drawing Editor

Figure 13 depictsa simple drawing editor applicationin which the user can draw, move, and rotate
rectanglesand scroll andzoomthe drawing area. To draw a rectangle the userpressegher ect button
anddragsout a rectanglein the drawingarea. An existingrectanglecan be movedor rotatedby pressing
the appropriatebuttonand draggingthe rectangle.

In eachof theseoperationsthe drawing editor providesanimatedfeedbackas the usercreatesand

manipulategectangles.Animation reinforcesthe users belief that he is manipulatingreal objects. As a
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rectangleis moved,for instancets outline follows the mouse;duringrotation, the outline revolvesabout

the rectangles center Suchdynamicfeedbackis characteristiof a directmanipulationeditor.

3.2 Implementing the Drawing Editor

The elementsof the userinterfacecan be composedisingInterViewsinteractorandgraphicsubclassess
shownin Figure 14. The buttonsareinstancesf radio button, a predefinedsubclasof the button class.
The interfaceto scrollingandzoomingis providedby a panner, the two-dimensionakcrollerin the lower

right of the interface. The drawingareain which the rectanglesappearis a graphic block, aninteractor
thatdisplaysstructuredgraphicsobjects. Theseelementsare composedisingboxesandglue. The editor's

pop-upcommandmenu,appearingn the centefright of Figure 13, is an instanceof the menuclass.

Each rectanglein the drawing is an instanceof the rectangle class, a subclassof graphic. The
rectanglesare composedn a picture, and the picture is placedin the graphicblock. The graphicblock
translatesandscalesthe pictureto implementscrollingandzooming. Rectanglesaremovedandrotatedby
calling transformatioroperationn the rectangleobjects. The picture performshit detectionby returning

the componenthat correspondso a coordinatepair.

3.3 Semantics of Graphic Composition

Thedrawingeditordemonstratesimplecompositiorof graphics.In thisexample the hierarchyof graphical
objectsis only one level deep; all the rectanglesare children of a single parentpicture. Of course,
more complex hierarchiesare commonin a practical drawing editor However eventhe simple one-
level hierarchydemonstratethe semanticf graphiccomposition.For example whenthe graphicblock
appliesa transformatiorto the pictureto scroll or zoomit, the transformatioraffectsall the rectanglesn

the picture. Furthermorealteringany of the picture’s graphicsstateattributeswould affect its childrenas
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well. For example,changingthe picture’s brushwidth attributewould also changethe brushwidths of its

children.

The compositionmechanismdefineshow the picture’s graphicsstateinformation affectsits compo-
nents. A picture drawsitself by drawing each componentrecursivelywith a graphicsstateformed by
concatenatinghe componens statewith its own. The default semanticsfor concatenatiorare that the
attributesdefinedby a graphics parentoverridethe graphics own attributes.If a parentdoesnot definea
particularattribute,thenthe child graphics attributeis used. Coordinatetransformationsre concatenated
so thatthe child’s transformatiorprecedeghe parents.

These semanticsrepresenta kind of reverseinheritanceof graphicsattributes,since parentscan
overridetheir children. This mechanisnis usefulin editorswhereoperationgerformedon interior nodes
of the graphichierarchyaffect the leaf graphicsuniformly. Classesderived from the graphicclasscan

redefinethe semanticsof concatenatiorif the defaultsemanticsareinappropriate.

3.4 Immediate Mode Graphics

Structuredgraphicsobjectsare not normally usedto draw scroll bars, menus,or other user interface
componentshatare simpleto draw procedurally Interactorausepainter objectsfor this purpose.Painters
provideimmediatanodedrawingoperationgincludingoperationdor drawinglines, filled andopenshapes,
andtext), and operationdor settingthe currentfill pattern,font, and othergraphicsstate. The resultsof

a painter drawing operationappearon the display immediately after the operationis performed. The

differencebetweenpaintergeneratedyraphicsand structuredyraphicsis that paintersdo not maintainstate
or structurethatreflectswhathasbeendrawn,sothereis no way to accessandmanipulatehe graphics.In

contrast structuredgraphicsobjectsmaintaingeometricand graphicalstateand can be manipulatecefore
and after they are drawn.

Structuredyraphicsis mostappropriatén contextswhereanindefinitenumberandvarietyof graphical
objectsare manipulateddirectly. It is a powerful tool for constructinggraphicseditorsthat provide an
object-orientecediting metaphorbecausestructuredgraphicsobjectsembodythe samemetaphor These
objectstypically representthe data managedby the editor. Paintersshould be usedto draw simple,

unchangingelementsof the interfacethat do not justify the storageoverheadof graphicsobjects.

4 Text Composition

Direct manipulationtextual interfacesrequire special supportto handlethe problemsthat arise in the
presentatiorof text, suchasline and pagebreakingand arrangingtext to reflect the logical structureof
a document.InterViews structuredtext objectssimplify the implementatiorof direct manipulationtextual

interfaces.
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4.1 A Simple Class Browser Application

Figure 15 showsthe interfaceto a classbrowser a simple applicationfor perusingC++ classdeclarations.
The browserdisplaysa classdeclarationwith the classnameunderlinedand memberfunctionsin bold.
Clicking onthe classnameopensa window showingdocumentatioffior the class,andclicking ona member
function opensa window showingthe function’s definition. The arrangemenof the text is maintainedoy
text compositionobjects. As Figure 16 shows,resizingthe window reformatsthe text to make gooduse

of availablespace.

4.2 Implementing the Class Browser

Textandclausesubclasseare usedto composehetext displayedn the browser Objectsof classword (a
stringof characterspndwhitespace (blank spaceof a givensize)areassembledisingvariouscomposition
objectssothatthe lines of codewill fill availablespacein an appropriatenanner The entire composition
is placedin a text block (aninteractorthat displaysstructuredext objects),andthe text blockis inserted
into a frame.

4.3 Semantics of Text Composition

Subclasse®f clausespecify the way their componentswill be arranged. Different clausesuse different

strategiedor usingavailablespace:

e A phrase formatsits componentavithout regardto space. The componentsare simply placed

end-to-encdbn a singleline.

e A text list canarrangeits componentsither horizontally or vertically. If thereis not enough
spacefor the whole list to fit in a horizontalformat, thenthe list will placeeachcomponenbn
a separatdine. Text lists are usedin the browserfor composingthe memberfunction parameter
lists.

e A display definesan indentedlayout. If the display will not fit on the currentline, then it
is placedon the following line with a specifiedindentation. The browsercomposeslassand
memberfunction declarationausingdisplays.

e A sentence will placeas manycomponentss possibleon the currentline andwill begina new

line if necessaryThe browserusessentence$or comments.

To illustrate how text compositioncan be used,considerthe compositionof the | nt er act or con-
structorin the browser(Figure 17). The declarationis composedas a phrasewith threecomponentsthe
first componentis a word representinghe string | nt er act or (, the secondis a display that contains

a text list of the formal parametersandthe third is a word representinghe string) ; . Figure 18 shows
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Figure15: A simple classbrowserapplication
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Figure 16: The classbrowserafter resizing
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Figure 17: Objectstructureof the text compositionfor the | nt er act or constructor

Interactor(Sensor* in = stdsensor, Painter* out = stdpaint);

I nteractor(

Sensor* in = stdsensor, Painter* out = stdpaint

)

I nteractor(
Sensor* in = stdsensor,

Pai nter* out = stdpaint

Figure 18: Possibldayoutsof the | nt er act or constructor

thatthe constructordeclarationwill appearin oneof severallayoutsdependingon the availablespace.In

the top exampleall the text canfit on a singleline. In the middle examplethe availablespacehasbeen
reducedsothatthereis not enoughroom for the displaycontainingthe parametetist; the displayis placed
on a separateindentedline. In the bottomexamplethe availablespacehasbeenreducedfurther, causing

the text list to displayvertically insteadof horizontaly.

Text compositioris mostusefulwhenthe interfacerequiresdirect manipulationof text, whenthe text
shouldreflectthe structuralcharacteristicof the document,or whenthe text layout shouldautomatically
make good useof availablespace.Paintersare more appropriatefor embellishinginterfaceswith simple,

non-interactiveext.
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5 Subjects and Views

In InterViewswe distingush betweeninteractiveobjects,which implementa userinterface,and abstract
objects,which encapsulatéhe underlyingdata. We refer to interactiveand abstractobjectsas views and
subjects, respectively This separations importantin manyaspect®of userinterfacedesign.lt is a vehicle
for customizationallowing programmergo presentifferent,independentlycustomizablénterfacego the
samedata. It is a usefulstructuringmechanisnthat separatesiserinterfacecodefrom applicationcode. It
permitsdifferentrepresentationsf the samedatato be displayedsimultaneouslysuchthat changedo the
datamadethroughone representatiomre immediatelyreflectedin the others. Severalotheruserinterface
packagessupportthis separationjncluding the Andrew Toolkit, Smalltalk MVC, GROW, and MacApp

(for referenceseethe box entitledMaking User Interface DevelopmenEasieraccompanyinghis article).

Views in InterViews are typically implementedwith compositionsof interactors,graphics,and text
objects. Subjectsare often (but neednot be) derivedfrom the subject class. A subjectmaintainsa list
of its views. Views definean Updat e operationthatis responsibldor reconcilingthe view’'s appearance
with the currentstateof the subject.Calling Not i f y ona subjectin turn calls Updat e on its views, thus

enablingthe views to updatetheir appearancén responsédo a changein the subject.

In practiceit is inconveniento force every userinterfaceconceptinto the subject/viewmodel. For
examplejt is unnecessario associata subjectwith everymenubecauseénterfaceseldomrequiremultiple
views of the samemenu. However many InterViews library componentsio usethe subjectsand views

paradigm.Two examplegelateto the implementatiorof scrollingand buttons.

5.1 Scrolling and Perspectives

An interactorthatsupportsscrollingandzoomingmaintainsa per spective. The perspectivas a subjectthat
definesa rangeof coordinategepresentinghe total extentof the interactofs outputspaceanda subrange
for the portionof the total rangethatis currentlyvisible. For example,in the drawingeditor of Section3.1
the total extentof the graphicblock’s perspectivas obtainedfrom the picture’s boundingbox; its subrange
is the spacethe graphicblock occupieson the screen.In a text editorthe vertical rangemight be the total

numberof linesin a file; the subrangewould be the numberof lines displayedby the editor on the screen.

Scrolling and zooming are performedby modifying the interactois perspective. An interactorcan
modify its own perspective(when the text editor addsa line to the file, for example),or the perspective

canbe modified by the usermanipulatingone of its views.

The pannerin the drawing editor is a view of the perspectiveassociatedvith the editor's graphic
block. The panneiis really a compositiorof severalotherperspectiveviews: a dider, a setof four movers,
andtwo zoomers. Each of theseelementsviews the sameperspectivethe slider scrollsthe drawing in

both z and y dimensions,each mover providesincrementalscrolling in one of four directions,and the
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perspective

Figure 19: How a perspectivecoordinatescrolling of a graphicblock

zoomersrespectivelyenlage and reducethe drawing. Thereis no limit to the numberof views on the

sameperspectivea changemadethroughoneview of a perspectivewill be reflectedin all its views.

The advantageof this organizationis thatone view of a perspectiveneednot know aboutotherviews
of the sameperspective Whenevetthe perspectivas changedegitherby theinteractoror by a view, all the
views are notified. Eachview of the perspectives responsiblgor updatingits appearancappropriately
in responsdo the change.For example,whena moveror zoomeris pressedthe perspectives updated

andthe slideris notified automatically The slider canthenredrawitself to reflectthe new perspective.

Figure 19 showshow a graphicblock’s perspectivecoordinateghe scrolling operationwhenthe user
pressene of the pannets movers. The graphicblock modifiesits perspectiveon behalf of the mover
becausehe graphicblock may wantto limit the amountof scrolling. In this instancethe perspectiveand

the interactorare consideredogetherasthe subjectto which views suchas pannersare attached.

5.2 Buttons and Button States

The dialog box in Section2.1 usesa buttonfor dismissal.In InterViews, a buttonis a view of a button
state subject. Whenthe userpresses button,the buttonsetsits buttonstateto a particularvalue. Several
buttonscanview a singlebuttonstate;like any subject,a buttonstatenotifiesall its views (buttons)when

it changes.
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To illustrate, considerhow InterViews radio buttonsare implemented. A radio button acts like a
tuning buttonon a car radio; only one buttonin a group of radio buttonscanbe “on” at a time. Radio
buttonsare providedwhen the usershouldselectan option from severalmutually-exclusivechoices. A
single button stateis usedas the subjectfor a group of radio buttons. Pressingone of the radio buttons
setsthe buttonstateto a particularvalue. The buttonwill stay presseduntil the buttonstateis changedo

a differentvalue, usuallyby pressinganothemradio buttonin the group.

6 Customization

InterViews adoptsthe X Toolkit [2] modelto supportcustomizationof interactors. Userscan definea
hierarchyof attributenamesand values. An interactorcan retrievethe value of an attributeby name;it
interpretsthe value to customizesomeaspectof its appearancer behavior Attribute lookupinvolvesa
searchthroughpartsof the attribute hierarchythat match the interactots positionin the objectinstance
hierarchy Eachinteractorcanhaveaninstancename;interactorsot explicitly namedinherita classname.
The namegiventhe interactorat the root of the instancehierarchyis usuallythe nameof the application.

For example,supposethe applicationcontainingthe exampledialog box of Section2.1 was called
“hello”, andthe pushbuttonin the dialog box hadthe instancename“bye.” The full nameof the attribute
that specifiesthe font for the button label would then be hel | 0. Fr ane. VBox. HBox. bye. f ont .
Attribute namescaninclude“wildcard” specificationsothatoneattributecanapplyto severalinteractors.
The font of the push button in the exampledialog box is more likely to be specifiedby an attribute
namedhel | o* PushBut t on. f ont , which would apply to any pushbuttonin the application,or even
*f ont , which would applyto anyfont in anyapplication. The mechanisnfor accessingttributesensures
that the attributewith the most specificnameis the one usedto satisfya query The InterViews library
automaticallyhandlesstandardattributessuchas “font” and“color”.

The designerof an applicationchoosesamesfor interactorsthat userscan customize.Usersspecify
thesenamesto refer to interactorsthey want to customize. Consistencyacrossa rangeof applicationsis
achievedby a consistenthoiceof instanceand attributenames.For example,all confirmationbuttonsin
all “quit” dialog boxeswill be red if the userlists the attribute* qui t * OK. backgr ound: r ed, if all

quit dialog boxesare giventhe instancename“quit”, andif all confirmationbuttonsare named“OK.”

7 Current Status

InterViews currently runs on MicroVAX, Sun, HP, and Apollo workstationson top of the X Window
System[4] versions10 and 11. The library is roughly 30,000lines of C++ sourcecode, of which about
2,000lines are X-dependent.InterViews applicationsdo not call X routinesdirectly and are thusisolated

from the underlyingwindow system.
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We haveimplementedseveralapplicationson top of the library, including a scalabledigital clock, a
load monitor, a drawing editor, a reminderservice,a window manager and a display of incoming mail.
The applicationshavebeenuseddaily by about20 researcherfor nearlytwo years,andthelibrary is being
usedin manydevelopmengfforts at Stanford,at otheruniversitiesandin industry We arecurrentlyusing
InterViews in the developmenf a more generaldrawing system,a programeditor, a visual command

shell,anda visual debugger

8 Conclusion

Our experiencewith InterViewshasconvincedus of theimportanceof object-orientediesign,subject/view
separationandcompositiorin facilitatingtheimplementatiorof userinterfaces.Compositim is particularly
important. Providing one or two waysto combineinterfaceelementsis not enough. To really help the
programmera userinterfacetoolkit mustoffer a rich setof compositionmechanismalongwith a variety
of predefinedbjectsto use. The programmeshouldbe ableto pick andchoosdrom amongthe predefined
componentgor the bulk of theinterface andthetoolkit shouldmakeit easyto synthesizeéhosecomponents

thatare uniqueto the application. The compositionmechanismsn InterViews makethis possible.
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