Copyright 1997 IEEE. Published in the Proceedings of VL�97, Sept. 23-26, 1997 in Capri, Italy. Personal use of this material is permitted. However, permissionto reprint/republish this material for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers or lists, or toreuse any copyrighted component of this work in other works, must be obtained from the IEEE. Contact: Manager, Copyrights and Permissions, IEEE ServiceCenter/445 Hoes Lane/PO Box 1331, Piscataway, NJ 08855-1331 USA.- 1 -Supporting Reuse of Evolving Visual CodeRebecca A. Walpole and Margaret M. Burnett*Department of Computer ScienceOregon State University, Corvallis, Oregon 97331{walpolr, burnett}@cs.orst.eduAbstractAlthough the idea of reusing code is very appealing,effective reuse has long been acknowledged as a problem.To help address the difficulties, many advocate strongmanagement commitment to code reuse, leading to thetreatment of code as an asset to be carefully managed in awell-organized repository. However, the advent of the Webmay bring a change to this outlook, encouraging informal,loosely-organized code repositories. Already, for bothtextual and visual languages, informal repositories arebeginning to emerge, featuring a high rate of change andfew controls over what a producer must do to submit code.In this paper, we present techniques to address someaspects of code reuse in this kind of informal, evolvingenvironment. These techniques build upon characteristicsfound in many visual programming languages. Usingthese techniques, our approach is able to eliminate thespecial work traditionally required of the producer, whilestill supporting the consumer�s reuse efforts within theseimmature, evolving repositories.1. IntroductionIt has long been clear that if programmers would reusecode more often, rather than reimplementing the samelogic again and again, there would be great potential forsoftware development cost savings, including not only thecost of creating the code, but also the costs ofdocumentation, debugging, testing, and maintenance.Unfortunately, enabling programmers to reuse codeeffectively has not been easy. There are many reasons whythis is true, including the lack of tools for finding andcomposing reusable code and programmers� perceptionsthat writing code is easier than locating it, determiningwhat it does, and finding out if it works [26].Even though the problems with reuse have beensignificant, there have still been some assumptions uponwhich potential solutions could be built. Theseassumptions have included the notion that a repository ofcode was owned by an entity that could devise standards

*This work was supported in part by Hewlett-Packard and bythe National Science Foundation under grant CCR-9308649and an NSF Young Investigator Award.and procedures for including code in the repository; thenotion that code producers would be required to conform tothese standards and procedures before their code would beallowed into the repository; and the notion of a structured,mature repository, organized, for example, into a hierarchyof categories. However, the recent advent of informal,evolving, shared repositories of code for collaborativedevelopment violates all of these assumptions. The use ofthe Web as a repository of shared code is a prime example.The notion of informal, evolving repositories seems tobe of rising interest for visual programming languages(VPLs). For example, one of Visual AgenTalk�s goals isthat �Environments should allow [end-user programmers]to share, with very little effort, programs and programfragments� [19]. For VPLs with this kind of goal, wehave been working on an approach to facilitate code reuseunder such an informal, evolving repository, and in thispaper we present our early results.We will confine our definition of reuse to the use of anexisting code component in place of creating a newcomponent. In general, a component is any artifact of thesoftware process; in this paper, we concentrate on codecomponents, but our approach is not limited to code; italso takes into account on-line documentation, test plans,specifications, and other artifacts. We use the termrepository to mean a collection of components. Todistinguish between reuse tasks, even if they are performedby the same person, we use the term producer to mean theprogrammer who is building reusable components, and theterm consumer to mean the programmer who is interestedin using these components. Finally, packaging tasks arethe work traditionally required of producers to prepare acomponent for inclusion in a formally-controlled coderepository, such as conforming to standards, preparingdocumentation, providing test suites, etc.In this paper, we will assume an evolving repositorythat consists of components written using a VPL. Weimagine several possible scenarios such as Web-basedrepositories of end-user-produced shareware, evolvingrepositories of code written by novices, or informalrepositories for new software projects early in theirdevelopment. In these cases, it is reasonable to assume arepository numbering in the hundreds of components.

- 2 -Because of our interest in informal, evolving repositories,these are the only two assumptions we make. Inparticular, we emphasize that our approach is designed towork even in the absence of:¥A managing body to enforce standards and oversee therepository.¥A set repository structure such as a hierarchy ofcomponent categories or collections.¥Component producers who meticulously providecomponent packaging to aid the consumer.While each of these provides valuable assistance to theconsumer, informal, evolving repositories do not usuallyfeature this level of support.1 . 1 Concrete manifestations of fourfundamental reuse problemsBiggerstaff and Richter [3] identify four fundamentalreuse problems a successful reusability system mustaddress:1. Finding components2. Understanding components3. Modifying components4. Composing componentsGiven no requirement for classification or packaging bythe code producer and a constantly evolving repository,how can a consumer deal with these problems? To focusour investigation into this question, we have devisedseveral concrete versions of each of these problems fromthe consumer�s perspective, in the form of an initialassumption (such as �I am not familiar with thisrepository�) and a goal (such as �what kinds ofcomponents does this repository contain?�). This papershows how our approach helps the consumer with some ofthese goals.Finding components¥I know precisely what I want; is it here?¥I know generally what I want; which components arerelevant?¥I am not familiar with this repository; what kinds ofcomponents does it contain?¥There is a component that I�ve used before from thisrepository, but I forget the name and several otherdetails of it. Where is it?¥This component is not quite what I need; which othercomponents are similar?Understanding componentsFor this set of questions, the initial assumption is thatthe consumer has somehow narrowed down the search tosome potentially useful components for the task at hand.¥How do I choose from among these similarcomponents?¥What does this component do (in the most generalsense)?¥Does this component do what I need?¥How does this component do what it does?¥Do I need to modify this component?¥What will I save by using this component?Modifying componentsAt this point, the consumer is considering onepotential component, and is deciding whether and how tocustomize it.¥Can I change this component to suit my needs?¥How do I make the changes?Composing componentsThe consumer is considering one or a group ofpotential components. These questions relate to how to fitthem together with each other and with the application inwhich the consumer is trying to place them.¥How do I use this particular component?¥Are these components compatible?¥Which version of this component should I use?Although we have listed a number of consumer-oriented reuse questions, our work is still in the earlystages, and we have not yet found ways to help answer allof them. In this paper, we present the results we haveobtained for eight of these questions.2. Related workWe have been able to locate no previous literature onreuse in evolving repositories of VPL code, and only alittle on other aspects of reuse in VPLs. The previousapproaches that are reported differ from ours in both thenature of the repository and the type of reuse supported.For example, reuse is facilitated in HOLON/VP [16] byallowing generic code modules to be composed by sharingobjects. The emphasis is on supporting the compositionof objects within a given program, however, not a generalcode repository. Pree�s work on design books [18]discusses reuse in the context of understanding and usingframeworks. This approach has a producer-intensive focuson reuse for specific domains, and is not geared towardgeneral support for arbitrary components.A few VPLs provide some environmental support for asubset of the reuse questions we have identified. One ex-ample is the �what kinds of components does it contain?�question. Fabrik [14] provides overview support in a sim-ple parts bin that allows drag-and-drop access to compo-nents filed under different categories. While this is an ef-fective strategy for easily categorized components, it does

- 3 -rely on the component producer to provide meaningful cat-egorizations. National Instruments“ LabVIEW¤ providessimilar support by placing component icons in ahierarchical menu. The producer, to add a component,must define connectors (identifying the inputs and outputs)and save the component into a library (which determinesits categorization). The producer is also encouraged to givethe component a custom icon. Pictorius¤ Prograph CPXprovides a hypertext class hierarchy browser thatautomatically includes new classes as they are created. Thebrowser requires no extra producer work, but includes codefrom only the current project.The Jacquard editor [10] addresses the question offinding relevant components. Each user action may narrowthe search space by constraining the input or output of anempty socket (component placeholder). The user can thenzoom in on an empty socket to examine the compatiblecomponents. If the number of possible components is stilllarge, they are displayed hierarchically. To use thistechnique effectively, the consumer must be certain of thenumber and types of inputs and outputs for the neededcomponent.Vista [21] helps the consumer figure out how to usecomponents by making �public processors� explicit.Public processors are the (sub)components that theproducer anticipates the consumer will modify viasubstitution. Public processors therefore specify expectedreuse of the component.In the field of software reuse outside of VPLs, recentresearch has emphasized systematic reuse � incorporatingreuse into the business of software development � withimportant responsibilities expected of the producers,consumers, and management [17, 13, 22]. While theseroles are appropriate for software professionals, we wish toalso enable reuse in situations where institutionalizedsupport is not available, such as for informal Web-basedrepositories.3. Answering reuse questionsOur strategy in answering reuse questions for evolvingrepositories of VPL code is to take advantage of theintegration between the language and environment in waysthat remove the assumption that producers must packagetheir code for reuse, but also give the consumer help thatwould not be available in a traditional textualenvironment. To experiment with our ideas, we haveintegrated a prototype into the Forms/3 [1, 4, 27, 28]language environment.Forms/3 follows the spreadsheet paradigm in which allcomputation is accomplished by cells whose values areentirely dependent on their formulas. Forms are collectionsof cells and are the basic reusable component of Forms/3programs. Saved forms have previously only beenaccessible by file name via a file dialog box. We haveincorporated interactive access to a code repository inForms/3, including capabilities aimed at answering someof the consumer questions we identified in Section 1.1.3.1 OverviewI am not familiar with the repository;what does it contain?In our prototype, the consumer encountering therepository for the first time can call up an interactiveoverview of it by pushing the �Repository� button on themain Forms/3 window. A repository window opens(Figure 1), in which a large scrolling pane displays acomponent graph. Each node in the graph represents onecomponent and edges indicate some sort of relationshipbetween components. Edges can indicate dataflow (whichincludes calling and shared-data relationships) orrelationships similar to object-oriented subclassing. (In thecurrent prototype, subclass edges have not yet beenimplemented.)Every form that has been saved in the Forms/3directory hierarchy with world-readable permissions isincluded in this component graph�no special tasks arerequired to prepare the code for submission to therepository. The presence of an edge is determined fromderived information, made possible by the integration ofthe language with the language environment. Thisderivation not only relieves the producer from having todocument the component�s relationship to othercomponents, but also guarantees that the relationshipinformation will not become obsolete as code evolves.Nodes in the graph are labeled with the name of thecomponent. More details about the origin of individualcomponents are easily accessible in a popup window. InFigure 2 the consumer is looking at the detailed view of anode, and can see the component�s location, author, date,and any packages to which it belongs.The Forms/3 language uses packages (similar to Adapackages) to group related forms into larger units. Theconsumer can browse the list of packages found in therepository as another way to become familiar with therepository at a coarser granularity. The list of thesepackages can be pulled down from the query menu bar (seeFigure 1, top left).Recall our assumption of a repository with hundreds ofcomponents. To support a larger repository, more sophis-ticated visualization and browsing techniques would be re-quired, for example [2, 7, 15, 23]. However, these systemsare typically oriented toward textual data. VPL-specificfeatures such as browsing a VPL�s source code according

- 4 -Figure 2: Detail view pulled down from Sort component(upper left), showing file name, date, author, packages, andthe first line of the help file.to its visual characteristics might be able to draw from thework on visual databases [8, 9], but we have been unableto find reports of any research to test this idea.In order to support the capabilities described thus far,an environment either needs full parsing capabilities or asource-level understanding of the stored executable code.This understanding is necessary to automatically deriverelationships, thus freeing the producer from having toexplicitly document them, a task that would otherwise bepart of the packaging process. Adding parsing capabilitiesto a programming environment is not difficult for mosttextual languages, if there is an accessible grammarspecification. For visual languages, visible grammars andparsing methods are still an area of active research. Thestrategy used in the Forms/3 prototype is to operate on theexecutable code, which is stored in a tokenizedrepresentation.3.2 SearchI know generally what I want;which components are relevant?Suppose that the consumer needs to sort some productsaccording to price and is looking for a component thatperforms sorting. The interactive query facility currentlyallows queries such as on name substring or anycomponent text. For example, the consumer can type�sort� into the name field to highlight all nodes thatinclude the substring �sort� and then press the �ReduceGraph� button to hide all nodes that are not highlighted.

- 5 -

- 6 -(b)

- 7 -Figure 6: The consumer has loaded the animation and iscontrolling it with the time-slider at the lower right.No special work required of component producers: Ourapproach supports reuse by a consumer even if theproducer has not gone to the work of doing�reusability packaging.�¥Saving the consumer from task separation: One of theproblems traditionally present in code reuse is that itis often perceived to be easier for consumers to writenew code than to find previously-written code, figureout whether it produces the desired results, and learnhow to interface with it. By integrating the repositoryaccess into the language environment, we are workingto address this problem by dissolving the obstaclesthat separate reusable code from the consumer�sworking environment.¥Support for informal repositories: Informalrepositories do not feature the kinds of controlstraditionally followed in �owned� repositories, andhence support cannot be based on the assumption thata particular classification scheme or formalizeddocumentation standard is present. In our approach,components may be only partially-documented orstandardized, but they may be explored for reuse usingfeatures supported by many VPLs, such as sample

- 8 -values and automatic executions, automatically-derived dataflow views, and the low-levelvisualizations that are often found in VPLs.We believe that with the advent of the Web, shared,informal repositories that do not require reusabilitypackaging will become increasingly important. To addressthis need, our approach derives the kind of informationformerly only available through packaging efforts by codeproducers and repository administrators, doing so bydrawing upon the complete knowledge of languagesemantics inherent in tightly-integrated VPLs, along withother characteristics found in many such VPLs, such assample values, liveness, and animation.AcknowledgmentsWe are deeply grateful to Martin Griss and Gregson Siuat Hewlett-Packard for helpful discussions and feedback.References[1]J. Atwood, M. Burnett, R. Walpole, E. Wilcox, S. Yang.Steering programs via time travel. Proc. IEEE Symp. onVisual Languages, 4-11, Boulder, CO, Sept. 1996.[2]B. Bederson, J. Hollan, K. Perlin, J. Meyer, D. Bacon,G. Furnas. Pad++: A zoomable graphical sketchpad forexploring alternate interface physics. J. of VisualLanguages and Computing, 7(1):3-31, 1996.[3]T. Biggerstaff and C. Richter. Reusability framework,assessment, and directions. In T. J. Biggerstaff and A. J.Perlis, eds., Software Reusability: Concepts andModels, Volume 1. Addison-Wesley, 1989.[4]M. Burnett and A. Ambler. Interactive visual dataabstraction in a declarative visual programminglanguage. J. of Visual Languages and Computing,5(1):29-60, Mar. 1994.[5]M. Burnett, A. Goldberg, T. Lewis, eds. Visual Object-Oriented Programming Concepts and Environments.Prentice-Hall/Manning Publications Co., 1995.[6]P. Carlson, M. Burnett, J. Cadiz. A seamless integrationof algorithm animation into a visual programminglanguage. ACM Proc. Workshop on Advanced VisualInterfaces, 194-202, Gubbio, Italy, 1996.[7]M. Chalmers, R. Ingram, C. Pfranger. Addingimageability features to information displays. A C M Symposium on User Interface Software and Technology,33-39, Seattle, WA, Nov. 1996.[8]J. Corridoni, A. Del Bimbo, S. De Magistris, E. Vicario.A visual language for color-based painting retrieval.Proc. IEEE Symp. on Visual Languages, 68-75, Boulder,Co, Sept. 1996.[9]M. Egenhofer. Spatial-query-by-sketch. Proc. IEEESymp. on Visual Languages, 60-67, Boulder, CO, Sept.1996.[10]M. Gorlick and A. Quilici. Visual programming-in-the-large versus visual programming-in-the-small. Proc.IEEE Symp. on Visual Languages, 137-144, St. Louis,MO, Oct. 1994.[11]S. Henninger. Using iterative refinement to findreusable software. IEEE Software, 48-59, Sept. 1994.[12]C. Hoadley, et al. When, why and how do noviceprogrammers reuse code? Empirical Studies ofProgrammers, Sixth Workshop, 1996.[13]IEEE Software, Special Issue on Systematic Reuse, Sept.1994.[14]D. Ingalls, S. Wallace, Y. Chow, F. Ludolph, K. Doyle.Fabrik, a visual programming environment. Object-Oriented Programming Systems, Languages, andApplications, 76-190, San Diego, CA, Sept. 1988.[15]B. Johnson and B. Shneiderman. Treemaps: a space-filling approach to the visualization of hierarchicalinformation structures. Proc. Int�l IEEE VisualizationConference, 284-291, San Diego, CA, 1991.[16]Y. Koike, Y. Maeda, Y. Koseki. Enhancing iconicprogram reusability with object sharing. Proc. IEEESymp. on Visual Languages, 288-295, Boulder, CO,Sept. 1996.[17]H. Mili, F. Mili, A. Mili. Reusing software: Issues andresearch directions. IEEE Trans. on SoftwareEngineering, 21(6):528-61, 1995.[18]W. Pree. Framework development and reuse support. InBurnett et al. [5].[19]A. Repenning and J. Ambach. Tactile programming: Aunified manipulation paradigm supporting programcomprehension, composition and sharing. Proc. IEEESymp. on Visual Languages, 102-109, Boulder, CO,Sept. 1996.[20]M. Rosson and J. Carroll. The reuse of uses in Smalltalkprogramming. ACM Trans. on Computer-HumanInteraction, 3(3):219-253, Sept. 1996.[21]S. Schiffer and J. Fr�hlich. Visual programming andsoftware engineering with Vista. In Burnett et al. [5].[22]M. Sitaraman, ed. Proc. IEEE Int. Conference onSoftware Reuse, Orlando, FL, April 1996.[23]M. Spenke, C. Beilken, T. Berlage. FOCUS: Theinteractive table for product comparison and selection.ACM Symp. on User Interface Software andTechnology, 41-50, Seattle, WA, Nov. 1996.[24]J. Stasko. Simplifying algorithm animation withTANGO. Proc. IEEE Workshop on Visual Languages, 1-6, Skokie, IL, 1990.[25]S. Tanimoto. VIVA: A visual language for imageprocessing. J. of Visual Languages and Computing,2(2):127-139, June 1990.[26]W. Tracz. Confessions of a Used Program Salesman:Institutionalizing Software Reuse. Addison-Wesley,1995.[27]P. van Zee, M. Burnett, M. Chesire. Retire superman:Handling exceptions seamlessly in a declarative visualprogramming language. Proc. IEEE Symp. on VisualLanguages, 222-230, Boulder, CO, Sept. 1996.[28]S. Yang and M. Burnett. From concrete forms togeneralized abstractions through perspective-orientedanalysis of logical relationships. Proc. IEEE Symp. onVisual Languages, 6-14, St. Louis, MO, Oct. 1994.