Tools Supporting the Creation and Evolution of SoftwareDevelopment KnowledgeScott HenningerDepartment of Computer Science & EngineeringUniversity of Nebraska-LincolnLincoln, NE 68588-0115scotth@cse.unl.eduAbstractSoftware development is a knowledge-intensive activityinvolving the integration of diverse knowledge sourcesthat undergo constant change. The volatility ofknowledge in software development requires thatknowledge bases are able to support a continuousknowledge acquisition process where tools are availablethat can make use of partial knowledge. To address theseissues, case-based technology is used in combination withan organizational learning process to create an approachthat turns Standard Development Methodologies (SDM)into living documents that capture project experiences andemerging requirements as they are encountered in anorganization. A rule-based system is used to tailor theSDM to meet the characteristics of individual projects andprovide relevant development knowledge throughout thedevelopment lifecycle.The Incompleteness of Knowledge Basesfor Software DevelopmentThe use of intelligent assistants for software designenvironments has a long and diverse history. While thefocus on automating the design process dominates muchof the work, interest in tools that assist the process hasrisen [7, 17]. The AI focus for these systems is to use�knowledge� in some form to reason about softwaredesigns and provide some form of assistance to thedeveloper. For example, the Programmers Apprentice[17] assumes that knowledge about programmingtechniques and combinations of concepts in the form ofclich�s can be used to synthesize and analyze programs.Other approaches encode rules in the form of critics whichare then used to notify users of inconsistent, suboptimal,or errant design decisions are made [8]. These and othersystems are important because they provide an indicationof the kinds of knowledge that would be useful forintelligent assistance for software system design.The systems used to demonstrate these techniquestypically focus their discussion on how the system canreason with a particular form of knowledge. Given thatgood knowledge-based methods can be shown to work, thenext, and perhaps more difficult task, is to put thenecessary knowledge into a repository. When scalingthese techniques to large, complex, systems, the problemof getting knowledge into the system becomes critical.Besides scale, software engineering domains areparticularly volatile, evolving as technology changes andas the developers understand and discover new userrequirements [6]. Because of this volatility, knowledgebases will always be incomplete, lacking knowledge eitherbecause knowledge engineers do not elicit everything thedomain expert knows or because the knowledge cannotkeep pace with evolving domain knowledge.The inherent incompleteness of knowledge bases forsoftware engineering lead to two scarcely explored issues.First, techniques are needed that support designers in theabsence of complete domain knowledge. Second,knowledge acquisition needs to be supported throughoutthe design process to reflect the evolving understanding ofthe system and its domain. This paper explores theseissues through an organizational learning process coupledwith technology that collects knowledge frompractitioners in a manner that can serve as the basis forincreasingly formal levels of domain knowledge. Case-based techniques are used to evolve the repository and turnthe emerging, knowledge into standards representing asoftware development organization�s best practices. In itscanonical form, the process is simple: A StandardDevelopment Methodology (SDM) is adopted and definedthrough a set of process elements. Projects tailor theSDM as necessary, using the resulting set of documentsas a central repository for the project. Project experiencesare then used to evolve the repository to meet newsoftware development needs. The key issues addressed inthis paper are to 1) provide support for tailoring the SDMand 2) modify the SDM to capture the organization�s bestpractices in such a way that valuable resources areprovided for software development teams.An Organizational Learning Approach toSoftware DevelopmentAn organizational learning approach to softwaredevelopment captures project-related information during the creation of individual software products [12]. Thisinformation can then be disseminated to subsequentprojects to provide experience-based knowledge ofdevelopment issues encountered at the organization.Given a repository of experiences with tools and methods,new projects can match their characteristics to thecharacteristics of existing solutions through variousretrieval mechanisms [10-12]. Information in therepository not only points to re-usable solutions and code,but also suggest how novel problems can be approachedby adapting similar problems and providing �lessonslearned� or tips and techniques for accomplishing specifictasks. The development process in general can be refinedand streamlined by identifying commonly occurringpatterns, thereby reducing the amount of duplicated effortand learning from the mistakes and successes of projectswith similar characteristics. The emphasis becomes oneof systematically institutionalizing knowledge as it isgenerated by people in the organization.As the cases accumulate in the organization-widerepository, the knowledge contained in the repositorybecomes increasingly tailored to the kinds of designproblems that frequently occur in the organization. Therepository therefore serves not only as a means todisseminate design knowledge, but also helps anorganization learn what does and does not work for theirdevelopment context. This is where we distinguishbetween organizational memory systems that many haveadvocated [20, 21] and our notion of organizationallearning, where the emphasis is placed on learning fromprevious experiences, which has also been applied to theorganizational level as �learning organizations [18]. Themethod also naturally incorporates an evolutionary,continuous, process of improvement that evolves with theever-changing development context. Early work with the Information Technology division ofUnion Pacific Railroad helped identify the organizationallearning approach [10-12]. This organization, whichdevelops in-house applications for the railroad, has manymedium to small-scale projects developing client-serverand legacy systems. The sheer number of projects andtheir diverse requirements makes it difficult to setorganization-wide standards and creates barriers to reusingsoftware development knowledge. While many initiativeswithin the organization had emerged to address the need tocapture and disseminate information, a strategy was neededto tie these efforts together.This approach has been demonstrated in an exploratoryprototype, named BORE (Building an OrganizationalRepository of Experiences) [11]. In BORE, casesrepresent project issues and contain information abouthow issues were resolved and the resources used to resolvethe issues [9]. Cases are stored in a repository that can besearched and browsed to find issues with similarcharacteristics [10-12]. Although refinement andevolutionary processes have always been part of ourvision [10], BORE and its predecessors have beenconcerned with creating a repository of projectexperiences. This is valuable in and of itself, butemphasis must be placed on establishing continuousimprovement processes that improve product quality anddeveloper productivity, while recognizing past experiencesas a catalyst for the learning process.While it is desirable to systematically institutionalizeknowledge as it is generated by people in the organization,recent experiences with BORE have indicated that thismust be balanced with procedures that control the content,structure and validity of the knowledge.Evaluation of BORE PrototypesEarly BORE prototypes were evaluated in two separatecontexts. In the first, a pilot project at UPRR evaluatedBORE by documenting some cases and providingcomments of how BORE can be improved to better meettheir specific needs. The second evaluation context was aSoftware Engineering course consisting of seniors andfirst-year graduate students. Students in this classdeveloped small to medium scale software systems forclients external to the university system (one of theprojects worked with UPRR). Project assignments forrequirements, design, implementation, and formal testingall required the use of BORE. The scope of the projectswere rather small, with less than a semester to develop thesoftware and 4-6 people on the project. Nonetheless, thesix projects generated over 150 cases. In both instances we were disappointed in the detail andamount of information provided by BORE users. Caseswere not described adequately, solutions were often leftblank, and seldom contained adequate information forsubsequent users to re-use the knowledge. There wasclearly a need to encourage users to provide higher qualityinformation. Our observations at UPRR indicated that thekind of documentation we desired was indeed collected,albeit in a number of separate repositories in Lotus Notes[12]. It became clear to us that BORE alone was notenough to ensure the success of an organizational learningapproach. While it can be argued that more disciplinedsettings would produce the desired results, procedures areneeded that help people take maximum advantage of theorganizational learning approach.Capturing and Using Best Practices inan Organizational SettingThrough these studies, a set of requirements began toemerge that refined the organizational learning approach to software development. People needed guidelines on howto use BORE and what kinds of information they neededto capture. In addition, the information needed to berefined into something that could readily be re-used bysubsequent development efforts. Use of the organizationallearning system needed to be formalized in the sense thatits use is mandated in a documented process to ensure thatproper information was collected. In addition, it hasbecome clear that for such a process and tool combinationto work, the resulting repository must become the centralplanning and documentation repository for a project. Thiswould both avoid duplication of effort and provide oneplace for projects to coordinate and document their work.These requirements point to a dynamic technology forStandard Development Methodology (SDM) documentsthat can serve as a focal point for an organizationallearning process. The complicating problem with usingan organization-wide SDM is that diverse applicationrequirements and rapidly changing technologies make itprofoundly difficult to mandate a process that is useful andnot overly restrictive [5, 15]. A flexible mechanism isneeded where the SDM is turned into a living documentdesigned to evolve and improve through use.Towards A Defined, Extensible, SDMMost traditional SDMs created by software organizationseventually fall into disuse for two reasons: 1) Toaccommodate diverse needs, the SDM is stated at a veryhigh level and lacks the detail that can truly guide aproject. Stating the need for �detailed design� isinsufficient. There also needs to be specific guidelines,examples, and detailed procedures that help people createthe design. I.e., to be successful, the SDM must providevaluable resources for development efforts. 2) The SDMquickly falls behind the rapid pace of technology andbusiness needs. Even if SDM curators are appointed, it isdifficult for a few people to keep pace with changes inlarge development organizations.To reduce these problems and accomplish the goal ofcreating a formally defined SDM that can besystematically extended to meet diverse project needs, wehave combined the organizational learning tools of BOREwith a process that uses and controls the evolution ofSDM documents. The process begins with a defined on-line SDM. In addition, multiple paths through the SDMare designed to accommodate the different kinds of projectstypically encountered in the organization [15]. Figure 1shows a diagram of the overall process of using andevolving the SDM. In this figure, the SDM (shown inthe box marked �On-Line SDM� in the BORE repository)has three different paths. More complex structures arepossible, and it is not expected that everyone shouldunderstand the SDM in its entirety. Instead, a decisionsupport system is used to reduce the complexity byeliciting project characteristics, such as end-user, data andsecurity requirements, whether an iterative or waterfallmethodology should be used, etc.The decision support system steps through questionsdesigned to elicit project characteristics. Thesecharacteristics are matched against requirements in theSDM to propose a customized process for the project.Developers can then modify this process to meet theproject�s needs. The end result is subjected to an approvalreview in which the answers provided to the decisionsupport system and any modifications made to theresulting process are carefully examined. The outcome ofthe review can be one of three actions: 1) the project isrequired to re-visit some of the questions posed by thedecision support system, 2) modifications are rejectedand/or new modifications are proposed, and 3) the processis approved. Upon approval of the process, a BORE project is createdand new cases are created for each process element. Thesecases are associated with SDM process elements and canbe used as an information resource for that element. Inaddition, any exceptions to the SDM, such as adding newprocess elements, must become part of the SDM. Thismeans modifying the SDM and the decision supportsystem so that projects with similar characteristics areguided toward the SDM modifications made toaccommodate the project. The overall process is designedto retain a degree of process rigor while being able tosupport a dynamic development context. Over time, the SDM will evolve to meet the needs ofissues that recur in the organization [9], positioning theorganization to take advantage of previous experiences andimprove. But, particularly in the face of diverseapplications and interface design requirements, this processcan create a large and potentially cumbersome repository.1Its complexity will exceed any individual�s ability tounderstand all the issues involved in the guidelinerepository. Appropriateness is ensured through theconformance and modification, but without propertechnology, the organization has no hope of ensuring thatthe guidelines lead to quality applications.

1 Note that there is a metaphor with American Case Lawwhich, while sometimes maligned for being cumbersome, hasstood the test of time under the constantly evolving forces ofhuman culture and diverse circumstances. While some ofthese problems are inherent to human activities, whichbecome embodied in the interfaces and inner workings of oursystems, we hope to create technology that can lead toeffective and timely decision making.

Tools for Supporting SDM Tailoring andModificationThe process outlined in the previous section is designed toturn an organization�s SDM into a living document thatevolves and improves with use. The following sectionsuse BORE to demonstrate how this is accomplished.There are two major components of this process: 1) Thestandard SDM is tailored to specific project requirements,and 2) if necessary, the SDM is modified to meet theemerging needs of development projects.Tailoring the SDM to Specific ProjectsThe general structure of a process in our view of an SDMconsists of a set of process elements connected byrelationships. The general SDM is tailored to specificprojects through decision trees such as the one shown inFigure 3 that describes the criteria for choosing a databaseback-end. These decision trees can be used at an arbitrarylevel of project detail, from high-level developmentprocesses such as whether business modeling orrequirements definition is needed (see the �On-Line SDM�box in Figure 1) to specific corporate standards, such aswhich login screen should be used.When creating a new project, BORE assigns a number ofcases to a project that represents the tasks that a project isrequired to perform when initiating a project. An exampleof the resulting case hierarchy is shown in Figure 2. Theactual cases used in this process can easily be changedthrough the modification process (see the next section).Cases are placed in a hierarchy that serves as a checklist ofproject tasks. BORE supports a color coding of the glyphto the left of the case name to provide a visual means ofidentifying the status of cases -- whether the case is open,actively being worked on, resolved, and etc.The purpose of the case is to document how a given taskwas addressed by the project. The Overview, Resources,Attachments, and Related Cases tabs can be chosen toreveal information about the issues involved in addressingthe task. The Question tab, which is expanded in the

Reviewprocess

On-LineSDM

Requirements i ti o n BusinessMod i ng (BAA 1. 1 . 2) ProjectIniti

FunctionalDe n (BAA 1 . 2, BSI Legacy Im t Ana l ys i s Functional g n BOREcasesBORE Repository

Elicit projectrequirements

Customized projectprocess

Requirement D e fi n it i o n ProjectInit io n TechnicalDesign

FunctionalDesignModified process

RequirementsDefi t i on ProjectInitiati

Legacy ImpactAna sis TechnicalDesig

FunctionalDesignFigure 1: Tailoring and Refining the SDM.

figure, is used to elicit information about a project�scharacteristics to determine which SDM process elementsshould be assigned as project tasks. In other words, thequestions step users through a decision tree such as theone in Figure 3, resulting in an context appropriate taskto be added to the project�s to-do list.Because it is possible to identify all of a project�scharacteristics at project initiation, any BORE case cancontain questions that may add tasks to a project.Therefore, a multi-step process is used to create a tailoredprocess. For example, suppose the development processis divided into a number of tracks depending on whetherthe project is a mission critical enterprise-wideapplication, a local application, or a research prototype.One of the project initiation processes will then step theuser through a number of questions designed to determinewhich of these tracks is appropriate for the project.Suppose that on an initial pass a task named BusinessModeling is added to the project. When work begins onthis task, it can be broken down into subtasks throughanother decision tree. This allows to iteratively expandeach part of the project�s process as they gain theknowledge necessary to address process issues [15]. Inthis way, the project tailors the overall SDM to its needsas it is able to address the issues involved.The Questions tab displays questions that can be answeredin any order. Questions that must be answered are writtenin red font, the rest are optional. The �DecisionResources� button displays another window with ancillaryinformation about the chosen question, such as currentSDM policy statements, to help the user decide whichanswer is right for the project. The �Cases� buttonprovides a list of other projects that have answered thisquestion. By clicking this button and perusing the cases,users can view how similar projects have answered thequestion, and what their results were.Questions are represented in a rule-based productionsystem. Each rule has a set of preconditions consisting ofone or more question/answer pairs. When allpreconditions evaluate to true, the rule �fires,� causing aset of consequents to be executed. Consequents in BOREcan take one of four forms: 1) A question can be removedfrom the question stack (displayed in the Question windowof a case), 2) a question can be added to the question stack,3) a task can be added to a project, and 4) a function callcan be evaluated. The production system is implementedusing a MS Access database for a back-end.Modifying the SDMAs shown in Figure 1, the SDM is refined in two ways.First, a new case is instantiated for each process elementassigned to the project. This case will document how theproject met the requirements of the given process element.This will also provide a resource for subsequentdevelopment efforts because one can look at all cases for agiven process element. In addition to ensuring a measureof conformance to the SDM, this provides an opportunityto disseminate best practices. Developers assigned a givenprocess element can easily check the repository to seecases documenting how other projects accomplished theprocess goals and potentially reuse their solutions.The second modification to the SDM changes to SDMtasks and the production system that assign SDM tasks toindividual projects. This involves creating new decisionpoints and process elements in the SDM and integratingquestions and/or answers to questions into BORE. Rulesare edited through the interface shown in Figure 5 whichdisplays preconditions and consequents for a given rule.Tasks are added to the SDM Schema through the ProjectManager (see Figure 2).Therefore, modifying the SDM consists of either or bothadding tasks to the SDM and editing the rules for adding

Can the client access non-mainframe environments,and/or is replacing clientdevices a viable option?

YesNoDatabase Tool Selection - Database System

Choose Teradata

Are real-time and userupdates or OLTP updatesrequired?

YesNoChoose Oracle

Should the database beintegrated with other"information warehouse"data?

YesNoIs the expected datavolume more than 5 Gb?

YesNoChoose Teradata

Choose Oracle

Consider using DB2

Figure 3: A Decision Tree for Choosing Database Technology.

tasks to a project. For example, suppose a project isamongst the first to create Java applets, and designs amethod to use JDBC to access Oracle tables. To do thismeans deviating from the SDM because certain issues ofcreating a Web-based database server haven�t beenaddressed before in this organization. The project goesthrough the review process (see Figure 1), is approved,and engages in the extra documentation mandated to pave apath for this kind of project. The project creates a numberto tasks and subtasks that must now be added to the SDM.A process expert is assigned to add these tasks and insertnew questions into the repository that ensures that futureWeb-based project can take advantage of, and improve on,the procedures created by this ground breaking project.Related ResearchThe general goal of this approach is to try to split the gapbetween overly-restrictive development methodologies andad-hoc software development practices. Currently, theindustry standard is to define a SDM and then ignore it inits entirety or follow it enough to justify it to certificationauthorities. We wish to turn SDMs into a resource,something that truly supports the development process asit is actually practiced, while adding necessary degrees offormal procedures to ensure high-quality products. Thisinvolves not only defining a process, but also usingfeedback from projects using the SDM to refine andimprove its procedures. These concepts have theirpredecessors, particularly in the form of software factories[2-4] and process programming [5, 15], but little in theway has been done to create interfaces and CASE tools tosupport these concepts. This work attempts to fill thisgap with the organizational learning perspective, case-based decision support, and the BORE prototype.Thus far, most research on development processes havefocused on defining the process. Approaches include high-level strategies such as the waterfall, spiral, andprototyping models, methods for combining processelements [15], and universal process models such as theCMM [16] or ISO 9000. A significant contribution ofthis work is to define not only the process, but how theprocess evolves with the changing needs of thedevelopment organization. The SDM is seen as a �seed�that evolves as it is used [8]. In addition, the process canbe defined at many levels of detail, allowing projects toadopt the process at an appropriate level of detail. Inessence, this is a form of process programming [5, 15], orknowledge editing [19], and we are looking into how thisresearch can be applied to create tools for integrating newprocesses into the SDM and ensuring process integrity asthe SDM evolves.This approach fills two important gaps in fulfilling theLevel 2 CMM requirement for a defined process [16]. Thefirst is that while the CMM calls for tailoring the definedprocess to individual projects, no guidance or proceduresare provided on how this should be accomplished. Ourapproach formalizes the tailoring process through BOREquestion/answer sessions and a review process to lookover deviations to the SDM. The second gap is the needfor refining, evolving, and improving the developmentprocess. No �Level 5� process is assumed. Rather,feedback from actual projects is used to define the best

known methods within the development context andapplication requirements of a specific developmentorganization. In addition, instead of stating that�Configuration Management� is a required process, thisapproach provides resources in the form of information onhow other development efforts have addressed the process.The approach also incorporates elements of organizationalmemory and a formalized approach to supporting alearning organization with information technology. TheDesigner Assistant project at AT&T created anorganizational memory system whose use became part ofthe design review process as a way of ensuringconformance to the usage of a specific piece of complexfunctionality in a large switching system [20]. In thissetting, the design process was modified to include a traceof the Designer Assistant session as part of a designdocument. The appropriateness of the designer�s choicesand adequacy of the advice given by Designer Assistant arediscussed during software design reviews. If the advice isfound to be lacking, designers begin a formal changeprocess to update the knowledge. Utilizing a combinationof existing and new organizational processes to place useof Designer Assistant into development practices ensuresthat the knowledge will evolve with the organization.The observation that �technology and organizationalprocesses are mutual, complementary resources� [20] hasserved as a guiding principle for this work.The production system for ordering process elements issimilar to branching networks of multiple-choicequestions [1] and decision trees [20]. Checklists have alsobeen used to provide information about step that need tobe followed to achieve a certain task [14]. The ProjectManager (Figure 2a) can be seen as a kind of checklist thatenumerates the different things that must be accomplishedat each step in the development process.Open Issues and Future DirectionsThe general goal of this approach is to try to split the gapbetween overly-restrictive procedures and not following adefined process. Currently, the industry standard is todefine a SDM and then ignore it in its entirety or follow itenough to justify it to certification authorities. We wishto turn SDMs into something that truly supports thedevelopment process as it is actually practiced, whileadding necessary degrees of formal procedures to ensurehigh-quality products. This involves not only defining aprocess, but also using feedback from projects using theSDM to refine and improve its procedures. One of the greatest dangers of this approach is that theresulting SDM will become unwieldy andincomprehensible. It remains an empirical question as towhether BORE�s production system approach is sufficientto help developers make decisions about which processelements are necessary and how the SDM should befollowed. There is a need for higher-level views andmodels to help people understand the SDM�s structure andsupport a principled evolution of the processes it contains.Nonetheless, the complexity of the resulting SDM reflectsthe true diversity that lie in the intersection of businessneeds, development tools, and developer skill sets thatdefines modern software development. Without this, theprocess will settle at the ineffective least commondenominator that current SDMs suffer from.More tools are needed that help SDM administrators insertnew process and the associated question/answer pairs intothe SDM. This is essentially a knowledge acquisitionproblem, and we are looking into using agents and criticsto flag knowledge base inconsistencies and gaps [19].Some of the research questions we will continue toexplore with BORE include designing work practicescentered around case-based organizational learningprocesses. Design tools must reward users for use in thecurrent project as well as leaving information forsubsequent development and maintenance efforts. Webelieve these are compatible goals, as long-term projectsneed to track their progress and decision making process.Some major research questions include: designingmethodologies based on standards set by previous projectsyet flexible enough to accommodate changes in businessneeds and technology; creating a development process thatbegins by using the resources supplied by the repositoryand updates the repository as the project progresses;finding the �right� level of documentation that doesn�toverwhelm developers yet leaves a trace for subsequentefforts; and organizational changes needed to make suchtechniques work in the organization (i.e. the technologytransfer and tool adoption problems).ConclusionsCentering the information around a single repositorythrough an ongoing process of capturing project experiences can prevent the duplication of efforts, avoidrepeating common mistakes, and help streamline thedevelopment process. Similar projects have shown thatsuch a system will be used by development personnel,provided it contains relevant, useful and up-to-dateinformation [20]. This mandates a strong tie betweentechnology and process in which using the technologymust become part of routine work activities. Such anapproach will succeed to the extent that people arerewarded in the short term for their efforts.To achieve these goals, we have coupled process andtechnology to turn SDM documents into dynamic �living�resources that can be extended and improved as new projectneeds and application requirements emerge. As therepository accumulates through principled evolution of theSDM, it improves to able to handle a wider range ofcircumstances [13], while evolving toward answers toproblems that fit the organization�s technical and businesscontext. The real question is not whether the repository is�correct� in some objective sense, but rather whether lessmistakes are repeated and better solutions adopted whenusing the repository.Acknowledgments. I gratefully acknowledge theefforts a number of graduate students that have helpeddevelop BORE, including Kurt Baumgarten, ShawnClymer, Michelle Conway, and Roger Van Andel. Thisresearch was funded by the National Science Foundation(CCR-9502461), Union Pacific Railroad, and the AppliedInformation Management Institute in Omaha.References[1]M. S. Ackerman and T. W. Malone, �Answer Garden: Atool for growing organizational memory,� Proc. ofOffice Information Systems, 1990, pp. 31-39,[2]V. R. Basili, G. Caldiera, and G. Cantone, �A ReferenceArchitecture for the Component Factory,� ACMTransactions on Software Engineering andMethodology, vol. 1, 1992, pp. 53-80[3]V. R. Basili and H. D. Rombach, �Support forComprehensive Reuse,� Software Engineering Journal,1991, pp. 303-316[4]V. R. Basili and H. D. Rombach, �The TAME Project:Towards Improvement-Oriented SoftwareEnvironments,� IEEE Transactions on SoftwareEngineering, vol. 14, 1988, pp. 758-773[5]B. Curtis, M. I. Kellner, and J. Over, �ProcessModeling,� Communications of the ACM, vol. 35,1992, pp. 75-90[6]B. Curtis, H. Krasner, and N. Iscoe, �A Field Study of theSoftware Design Process for Large Systems,�Communications of the ACM, vol. 31, 1988, pp. 1268-1287[7]G. Fischer, A. Girgensohn, K. Nakakoji, and D.Redmiles, �Supporting Software Designers withIntegrated, Domain-Oriented Design Environments,�IEEE Transactions on Software Engineering vol. 18,1992, pp. 511-522[8]G. Fischer, R. McCall, J. Ostwald, B. Reeves, and F.Shipman, �Seeding, Evolutionary Growth andReseeding: Supporting the Incremental Development ofDesign Environments,� Proc, of Computer-HumanInteraction (CHI �94), Boston, MA, 1994, pp. 292-298,[9]S. Henninger, �Accelerating the Successful Reuse ofProblem Solving Knowledge Through the DomainLifecycle,� Fourth International Conference on SoftwareReuse, Orlando, FL, 1996, pp. 124-133,[10]S. Henninger, �Building an Organization-SpecificInfrastructure to Support CASE Tools,� Journal ofAutomated Software Engineering, vol. 3, 1996, pp. 239-259[11]S. Henninger, �Case-Based Knowledge ManagementTools for Software Development,� Journal of AutomatedSoftware Engineering, 1997, (in press).[12]S. Henninger, K. Lappala, and A. Raghavendran, �AnOrganizational Learning Approach to DomainAnalysis,� Seventeenth International Conference onSoftware Engineering, Seattle, WA, 1995, pp. 95-104,[13]J. L. Kolodner, Case-Based Reasoning: Morgan-Kaufman, San Mateo, CA, 1993.[14]A. C. Lemke, Design Environments for High-Functionality Computer Systems, Department ofComputer Science, University of Colorado, Boulder, CO,1989.[15]L. Osterweil, �Software Processes are Software Too,�Ninth International Conference on SoftwareEngineering, Monterey, TX, 1987, pp. 2-13,[16]M. C. Paulk, B. Curtis, M. Chrissis, and C. V. Weber,�Capability Maturity Model, Version 1.1,� IEEESoftware, vol. 10, 1993, pp. 18-27[17]C. H. Rich and R. C. Waters, The Programmer�sApprentice. Reading, MA: Addison-Wesley, 1990.[18]P. Senge, The Fifth Discipline: The Art and Practice ofthe Learning Organization. New York: CurrencyDoubleday, 1990.[19]L. Terveen and D. Wroblewski, �A CollaborativeInterface for Browsing and Editing Large KnowledgeBases,� National Conference of the AmericanAssociation for AI, Boston, MA, 1990, pp. 491-496,[20]L. G. Terveen, P. G. Selfridge, and M. D. Long, �LivingDesign Memory� - Framework, Implementation, LessonsLearned,� Human-Computer Interaction, 10, 1995, pp. 1-37[21]J. P. Walsh and G. R. Ungson, �OrganizationalMemory,� Academy of Management Review, vol. 16,1991, pp. 57-91