Debugging Lenses: A New Class of TransparentTools for User Interface DebuggingScott E. HudsonHuman Computer Interaction InstituteCarnegie Mellon University5000 Forbes Ave.Pittsburgh, PA 15213-3891E-mail: hudson@cs.cmu.eduRoy RodensteinIan SmithGraphics Visualization and Usability CenterCollege of ComputingGeorgia Institute of TechnologyAtlanta, GA 30332-0280E-mail: {royrod, iansmith}@cc.gatech.eduABSTRACTThe visual and event driven nature of modern userinterfaces, while a boon to users, can also makethem more difficult to debug than conventionalprograms. This is because only the very surfacerepresentation of interactive objects � their finalvisual appearance � is visible to the programmeron the screen. The remaining "programmingdetails" of the object remain hidden. If theappearance or behavior of an object is incorrect,often few clues are visible to indicate the cause.One must usually turn to text oriented debuggingtechniques (debuggers or simply print statements)which are separate from the interface, and oftencumbersome to use with event-driven control flow.This paper describes a new class of techniquesdesigned to aid in the debugging of user interfacesby making more of the invisible, visible. Thisclass of techniques: debugging lenses, makes useof transparent lens interaction techniques to showdebugging information. It is designed to work insitu � in the context of a running interface,without stopping or interfering with that interface.This paper describes and motivates the class oftechniques, gives a number of specific examples ofdebugging lenses, and describes theirimplementation in the subArctic user interfacetoolkit.KEYWORDS: Interactive Debugging, Lens InteractionTechniques, Dynamic Queries, Context-Based Rendering,User Interface Toolkits, subArctic, Java“.1. MOTIVATION AND BACKGROUNDWriting complex user interfaces can be difficult.For example, even experienced programmers

This work was supported in part by a grant from the IntelCorporation, and in part by the National Science Foundationunder grants IRI-9500942 and CDA-9501637.make mistakes in specifying complex constraints[Myers91]. The difficulty of debugging suchproblems can be exacerbated by the graphicalnature of the interface � objects and relationshipswithin the interface are seen only in their finalrendered form. Hence, the great usefulness of thevisual interface to the end user can come at theprice to the programmer. If the appearance orbehavior of an object is incorrect, this cansometimes be readily seen, but often few clues arevisible to indicate the cause. For example, if anobject does not appear on the screen when itshould, it could have been given a very small size,it could have not been added to the interactor tree,it could be marked as non-visible, it could bepositioned off screen or outside clipping bounds,or it could be obscured by another object.However, none of these causes presents visual cues,and so the programmer must typically resort totext oriented techniques (debuggers or simplyprint statements) which are separate from the flowof the interface, and often cumbersome to use withevent-driven control flow.This paper introduces a new class of debuggingaids designed to be used in concert with a runninginterface, without stopping it or interfering with itsnormal operation. These techniques are based onthe use of Magic Lenses“ [Bier93, Ston94,Bier94]. Magic Lenses are transparent interfaceelements which are designed to be moved overother interface elements and modify the display ofthose elements in some way. In general lenses canmodify the appearance of objects in arbitrary ways� some lenses add information to the display,some remove all but selected information, andsome make more arbitrary changes to the display.In general, lenses can be seen as a form of focusplus context visualization technique [Furn86,Mack91, Rao94] which displays informationrelevant to a particular task (in our case adebugging task) in the context of a "normal"display.In general, lenses can reduce screen clutter andincrease the usefulness of specialized or taskspecific information by focusing a greater level ofdetail on particular screen areas. Further, because

�Drawabledrawingstate

Display

Display

Figure 7. A representation of the typical structureof a user interface. Drawing of the interface isperformed as a recursive traversal of the interactortree passing a drawable object which maintainsdrawing state and provides access to a drawingsurface.

DrawableLens Parent

Lens

Normal DrawLens Draw

Figure 8. The interactor tree as set up for usinglenses. The lens�s redraw causes a second drawingpass through the interactor tree.�specialized lens that can be applied in particularsituations to handle particular visualization needs.Although a number of different, and very usefulexamples have been shown here, it should also beclear that these particular techniques are only thebeginning of a larger tool suite that can bedeveloped within the framework of debugginglenses.4. ARCHITECTURE AND IMPLEMENTATIONUser interfaces written using the subArctic toolkitutilize a structure typical in user interfaceconstruction: they maintain a �root� interactor andbuild an n-ary tree of child interactors with thisroot interactor at the top as shown in Figure 7.Rendering of the user interface is performedthrough a recursive traversal of the interactor tree,passing a drawable object down the tree startingfrom the root. The drawable object maintainscurrent drawing state (such as the current clippingrectangle) and provides operations for producingoutput on a drawing surface. Each interactor isresponsible for producing its own output. Thenon-leaf interactors draw themselves then continuethe traversal of their children, while leaf interactorssimply drawing themselves and return.To implement lenses in subArctic, a special lensparent is inserted above the normal top interactor,as depicted in Figure 8. This parent ensures thatdamage resulting from modifications to interactorsappearing under the lens is communicated to thelens so that it may redraw itself. This ensures thatthe most current state is always displayed. Nomodifications beyond this change of the rootinteractor are necessary to utilize lenses; indeed, aone-word change in the main source file of aprogram (e.g., changing "interactor_applet" to"debug_interactor_applet") allows the programmerto take advantage of lenses to debug their userinterface. The use of the special lens parent isinvisible to the program, and no other code needbe modified. When used in this manner,debugging lenses may be shown or hidden by theuser through a special keypress-mouse clickcombination. In the current system, this brings upthe tabbed-panel lens shown in Figures 2 and 4(which is currently being extended to includeadditional lens types).The lens object placed under the lens parent willreceive a redraw request as a part of the normalrecursive redraw process. This lens object acts onthis request by doing a second specialized drawingtraversal starting at its parent (taking care not to recursively draw itself with this traversal). For themost common case of additive lenses, the lensdrawing is simply done over the top of the existingobject drawing. For lenses that completely replacethe area under them (e.g., the isolation lens shownin Figure 3), the lens simply clears its backgroundthen performs the drawing traversal.The drawing traversal performed by the lens isimplemented using a general traversal mechanismprovide by the subArctic toolkit. This traversalmechanism works on the basis of a parameterizedtop-down tree walk. The walk is controlled by apredicate object which determines at each nodewhether the recursive traversal should end at thatpoint, or continue. The predicate operates both onthe basis of the node it visits, and using a specialstate object passed down the traversal. This stateobject typically contains a drawable giving accessto a properly clipped portion of the screen, andencodes things like the current tree level and childnumber, as well as the ranges that drawing shouldtake place at.The predicate first tests the object position toinsure that its drawing would not be totallydiscarded by clipping (i.e., does a trivial rejecttest), then performs semantic tests such asverifying that the interactor is within the userrequested ranges. If the predicate indicates that anode should be visited, a special action object isinvoked with both the visited interactor and thestate object passed as parameters. This actionobject performs the drawing action for the lens.In order to step deeper into the traversal the stateobject is transformed from a state suitable for theparent object into a state object suitable for use bya candidate child interactor (this might forexample involve incrementing the current treedepth). Finally, the traversal process is repeatedrecursively with the newly transformed stateinformation.The code for the standard bounds lens (astandalone version of the lens shown in Figure 2)is implemented in just over 1300 lines of Javacode. Additional lenses are of similar size(although subclassing can reduce their size insome cases).5. CONCLUSIONSThe debugging lenses introduced in this paperprovide a new class of debugging tool for userinterfaces. These tools can significantly helpdebugging by making information about interfaceobjects which would have been invisible, visible tothe programmer. Further they allow thisinformation to be presented in a selective andfocused manner that provides data of interest inthe context of the interface. Finally, debugginglenses have the advantage that they can operate insitu on any interface, with minimal disruption tothe workings of the interface.One limitation of the current lens infrastructure isthat, while permitting composition of lenses viaoverlap, it does not have particular capabilities toattempt to intelligently arbitrate this composition.We are currently working on a new and simplifiedlens infrastructure which will allow for moresemantically meaningful and sophisticatedcompositing techniques.REFERENCES[Ahlb92] Ahlberg, C., Williamson, C.,Shneiderman, B., �Dynamic Queriesfor Information Exploration: AnImplementation and Evaluation�,Proceedings of ACM CHI’92Conference on Human Factors inComputing Systems, 1992, pp. 619-626.[Ahlb94] Ahlberg, C., Shneiderman, B., �VisualInformation Seeking: Tight couplingof Dynamic Query Filters withStarfield Displays�, Proceedings ofACM CHI’94 Conference on HumanFactors in Computing Systems, 1994,pp. 313-317.[Bier93] Bier, E.A., Stone, M.C., Pier, K.,Buxton, W., DeRose, T.D., �Toolglassand Magic Lenses: The See-ThroughInterface�, Proceedings of ACMSIGGRAPH ’93 Conference onComputer Graphics and InteractiveTechniques, 1993, pp. 73-80.[Bier94]Bier, E., Stone, M.C., Fishkin, K.,Buxton, W., Baudel, T., �ATaxonomy of See-Through Tools�,Proceedings of ACM CHI’94Conference on Human Factors inComputing Systems, 1994, pp. 358-364.[Edwa97] Edwards, K., Mynatt, B., �Timewarp:Techniques for AutonomousCollaboration,� to appear inProceedings of ACM CHI’97Conference on Human Factors inComputing Systems, 1997.[Fish95] Fishkin, K., Stone, M., �EnhancedDynamic Queries via Movable

Filters�, Proceedings of ACM CHI’95Conference on Human Factors inComputing Systems, 1995, pp. 415-420.[Furn86]Furnas, G. W., "Generalized FisheyeViews", Proceedings of ACM CHI’86Conference on Human Factors inComputing Systems, 1986, pp. 16-23.[Huds96] Hudson, S., Smith, I., �Ultra-L i g h t w e i g h t C o n s t r a i n t s� , Proceedings of the ACM Symposiumon User Interface Software andTechnology, 1996, pp. 147-155.[Huds97]Hudson, S., Smith, I., �The subArcticUser Interface Toolkit Home Page",,Web document available at:http://www.cc.gatech.edu/gvu/ui/sub_arctic[Macki91]Mackinlay, J. D., Robertson, G. G.,Card, S., K., "The Perspective Wall:Detail and Context SmoothlyIntegrated", Proceedings of ACMCHI’91 Conference on HumanFactors in Computing Systems, 1991,pp. 173-179.[Myer91]Myers, B., �Graphical Techniques Ina Spreadsheet For Specifying UserInterfaces�, Proceedings of ACMCHI’91 Conference on HumanFactors in Computing Systems,, 1991,pp. 243-249.[Rao94]Rao, R., Card, S. K., "The Table Lens:Merging Graphical and SymbolicRepresentations in an InteractiveFocus+Context Visualization forTabular Information", Proceedings ofACM CHI’94 Conference on HumanFactors in Computing Systems, 1994,pp. 318-322.[Ston94] Stone, M.C., Fishkin, K., Bier, E.,�The Movable Filter as a UserInterface Tool�, Proceedings of ACMCHI’94 Conference on HumanFactors in Computing Systems, 1994,pp. 306-312.