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General Signal, Inc. (Part 1)�





Lisa Moore tapped her fingers on her desk and pondered the alternatives before her.  Only one month earlier, she had been summoned to her manager's office for a meeting which had designated her 'Reuse Champion' for General Signal, Inc.





General Signal is a diversified, multinational corporation with operations in over twenty countries.  Its product lines include analytical instruments, business and financial software, and consulting services.  Sales topped $10 billion last year and net income rose 33 percent.  The corporation is organized in a hierarchical structure as follows: project, laboratory, division, group, and corporate.





Industry trends


Reflecting the trend in industry where software and firmware handle much of the functionality in products, software engineers constitute an increasing percentage of General Signal's total workforce.





Furthermore, increasing competition, lower margins and shorter product development cycles were common in a number of industries in which General Signal offered product lines. General Signal had always prided itself in the quality of its products, but now realized it had to bring the products to market in a timely fashion as well.





Initiating the Corporate Reuse Program


The head of General Signal's Corporate Technology Group, Peter Scopa, had summoned Lisa to his office back in June.  Corporate Technology (CT) is funded by all divisions within General Signal and had the charter to examine and proliferate new and practical technologies throughout the corporation. CT had efforts underway in software processes, metrics, tools, and maintenance.  While modest initial funding is easily obtained to prove the usefulness of a technology, evidence must be presented to an 'Executive Committee' comprising of representatives from each group before further funding can be approved.





Peter had been speaking to Maury Green, a scientist in the research arm of General Signal, and heard how reuse can improve software quality and productivity.  Excited about this prospect, he wanted to implement a reuse program for General Signal.





Although Lisa Moore recently joined Corporate Technology, she was a seasoned manager at one of General Signal's divisions.  She was now chartered to spearhead a reuse program and knew that she would have to present evidence one year from now to both Peter Scopa and the Executive Committee on the viability of software reuse.  She knew Peter well enough to know that his decisions are qualitatively-based.  The Executive Committee, however, based their decisions on hard numbers such as dollars saved, increased quality, and improved productivity.





A Reuse Adoption and Institutionalization Model


After examining a number of reuse adoption models used by other corporations, Lisa chose the following model (Fig. 1) to institutionalize reuse for General Signal.  Armed with a roadmap for reuse, Lisa set out to identify and implement the tasks necessary at each phase of the adoption model.





�





Figure 1 A reuse adoption and institutionalization model





Garnering support for reuse


Lisa had been designated by Peter Scopa to be the ‘Reuse Champion,’ but she had heard how Peter was a ‘hands-off’ manager and afforded each ‘champion’ the opportunity to pursue and convince others of their cause. (The other ‘champions’ referred to it as Peter’s ‘sink-or-swim’ technique.)  She had lunch with the other ‘champions’; some of whom were not extremely helpful.  Perhaps, she thought, it was the Darwinian nature of this process whereby only those champions who can convince others of their cause successfully obtain funds and survive.





Lisa asked herself: Where might I obtain more information on reuse?  Who might offer support within General Signal?  Should I approach upper management or rally the engineers?





Deciding on the role of the corporate reuse program


General Signal was a highly decentralized corporation.  Although there were exceptions, Lisa felt that the corporation presently had more software commonality within a division than across divisions. She hoped that this would change in the future so that a library of reusable assets in one division may be interoperable with libraries in other divisions. Personnel who possessed expertise to create specific assets needed by a division were generally located in the same division.





With this mind, she pored over the alternative roles of a Corporate Reuse Program in the chart she had drawn (Fig. 2).  In her model, the Corporate Reuse Program may take one of three forms: 





Influencer/Consultancy Role:  The consultancy program acts as a central source of reuse information, advice and expertise.  It acts as a catalyst for the development of local reuse programs within the organization and keeps abreast of reuse developments within industry, academia and consortiums.  More control is provided to the local reuse programs for identifying reusability standards.





Librarian/Broker Role:  The librarian program provides information, advice and a reuse library tool, in addition to maintaining a centralized collection of reusable assets.





Producer/Business Role:  In addition to providing the services of a library program, the business program creates, procures, and maintains assets.  It may also operate as a profit center, where it has responsibility for revenues earned as well as expenses incurred.  (Domain analysis consists of identifying, collecting, organizing, analyzing, and representing the commonality and variability among systems in an application domain and software architecture.)





She asked herself:  What are the advantages and disadvantages of each role?  Under which circumstances is each role appropriate?  Which role is appropriate for General Signal?





�





Fig. 2 Activities associated with the different roles of a corporate reuse program.
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General Signal, Inc. (Part 2)





Investigating the feasibility of reuse


For the investigation phase, Lisa Moore knew she had to select a pilot project(s) to implement and demonstrate the viability of reuse.  She knew of divisions that had existing efforts and others that had not yet begun.  The choice of pilot project(s) was important because the pilot:





- serves as a test site for proposed reuse practices


- upon completion, may serve as a showcase for wide deployment of reuse throughout the corporation


- may determine the scope and extent of allocated resources for reuse





Criteria for selecting pilot projects


Lisa had to determine the criteria by which appropriate reuse pilot projects would be chosen.  Two considerations immediately came to mind.  First, Corporate Technology was funded by all divisions, so she felt that she should consider having pilot projects in multiple divisions.  Second, she knew she also had to take into consideration the costs and benefits of reuse of a potential candidate pilot project.  The Executive Committee wanted to see the net benefit (total benefits minus total costs) and return on investment [(total benefits minus total costs) divided by total costs] of the reuse efforts.





Ted Ricks was a manager in General Signal’s Business and Financial Applications (BFA) division and had been lobbying Lisa to be included as a pilot project since her appointment as reuse champion.  After a series of meetings, Ted and Lisa created a projection of the costs and benefits from implementing a formal reuse program at BFA (Fig. 3).  (What sources of information might Ted and Lisa have tapped to create these estimates?)





In the second year, Ted and Lisa expected that two-thirds of the consumers of the BFA reuse program will be from BFA and by the fourth year, more than half of the consumers will be from divisions external to BFA.  Based on these numbers, what are the projected net benefit and return on investment from implementing a reuse program at BFA over the 5 year time horizon?





Considerations for a reuse pilot project


Several questions crossed Lisa’s mind:


“What are the success factors for reuse?,” she thought, “Perhaps I can construct criteria from those factors.”





“What are the inhibitors to reuse?,” she said, “Then I can determine whether these inhibitors, if they exist on the candidate pilot project, can be overcome.”





“Furthermore, what makes reuse an appropriate strategy for an organization?  Does reuse support or drive business strategy?”





“Finally, what criteria shall I use to select pilot projects?,” she pondered.





�
Estimates for the costs and benefits of implementing a reuse program at BFA
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Fig. 3 Estimates of reuse costs and benefits for BFA reuse program
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General Signal, Inc. (Part 3)





Ted Ricks was a lab manager in General Signal’s Business and Financial Applications (BFA) division.  BFA developed financial applications for manufacturing companies primarily in the areas of capital budgeting and cost accounting.





As Ted explained to Lisa Moore when he submitted his proposal to include BFA as a reuse pilot project:





“In our business, we definitely feel the pressure to bring our products to market in a timely fashion and with high quality.  Our customers rely on our software to accurately track their expenses and cost variances.  But I feel that because of this pressure, we’re too busy ‘cutting through the forest’ with our primitive axes to learn how to use a chainsaw.  That is to say, we continue using our basic methods and barely have time to learn how to use techniques such as reuse.”





The goals of BFA were to improve quality, increase productivity, shorten the time to market for its products, and leverage the skills of its more experienced engineers.  BFA applications were being developed in Pascal and a proprietary language by over sixty software engineers.





Lisa chose BFA as one of the pilot projects primarily because the organization had a:





1) Stable domain - less likely that reusable assets would become obsolete quickly.


2) Many product family members - a wide assortment within the product line increased the chances of amortizing the cost of creating reusable assets.


3) Managerial support - support for reuse among management was strong.





Furthermore, since no formal reuse program was established at BFA, this was an opportunity to begin one from ‘scratch.’  At the moment, informal reuse was practiced by individual engineers.  Engineers had individually stockpiled software that they believed may be useful in the future and informally exchanged code with each another.





BFA had four active development projects, and two more in the early stages.  One of these early-stage projects was code-named "Godzilla" whose goal was to develop a software module which allowed customers to track deviations from standard manufacturing costs.  Similar to all development projects at BFA, the application would consist of “transactions.”  A transaction performs a specific task for the customer by walking him through a series of screens.  Godzilla was staffed by eight engineers whose experience ranged from neophyte to senior engineer.  These engineers would develop the transactions relatively independently but in parallel.  When the transactions for the module are completed, they are integrated and a system test is performed.  Some transactions had a great deal in common, others did not.





Planning a reuse program at BFA


Ted and Lisa identified the areas in the reuse infrastructure where they needed a plan.  These areas included:





* creating a reuse vision and mission statement


* identifying a reuse process for producing, brokering and consuming reusable assets


* staffing, organizing, and motivating reuse personnel


* identifying a method to finance the reuse program


* determining how to market the reuse program across all levels of management and the technical staff


* identifying appropriate reuse metrics to measure and track the reuse program





Reuse vision and mission statement


A reuse mission statement articulates an organization’s or participant’s purpose while a vision statement defines an organization’s direction.  In the interest of time, Ted wanted to meet with Lisa and develop such statements for BFA.  He felt that having only the two of them create the statements was more expedient than having a committee perform the task.  Furthermore, potential recruits would gain an idea of what the reuse program wanted to achieve via the vision and mission statement.  Lisa, on the other hand, wanted to wait until the reuse staff was recruited and hired.  She felt the reuse staff, BFA consumers, and other participants should be involved in the creation of the statement so there would be “buy-in” and ownership of the statements.  How should Ted and Lisa proceed?





Reuse Process


After speaking to other companies and reuse consultants, Ted and Lisa tentatively settled on a high-level reuse process which they would refine as the BFA reuse program progressed (Figure 4).  
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Managing the Reuse Infrastructure (MRI) involves establishing rules, roles, and goals that support reuse. It includes designating conventions and standards; approving additions, deletions, and changes to the library; commissioning component construction; coordinating schedules and resources and aligning reuse goals to business goals. MRI also includes establishing and awarding incentives, interpreting metrics data, and implementing economic models. In short, MRI covers planning and driving the reuse process.





Producing Reusable Assets (PRA) involves developing, generating, or reengineering assets with the specific goal of reusability. Two major elements of PRA are domain analysis and domain engineering. Domain analysis consists of identifying, collecting, organizing, analyzing and representing the commonality and variability among systems in an application domain and software architecture. It involves studying existing systems, underlying theory, emerging technology and development theories within the domain of interest. Domain engineering consists of building components, methods, and tools and their supporting documentation to solve the problems of system/subsystem development. To build these elements, software engineers must apply their knowledge of the domain model and software architectures. A domain model represents the requirements in the domain by describing the functions, constraints, and structure within the domain.





Brokering Reusable Assets (BRA) aids the reuse effort by qualifying or certifying, configuring, maintaining, and promoting reusable assets. It also involves classifying and retrieving assets in the reuse library.





Consuming Reusable Assets (CRA) is the process of building systems with reusable assets. Consumers utilize the library and associated tools to learn about the reusable assets available to them; identify and retrieve needed components; integrate the components into their system; and provide feedback to the librarian on existing and needed components. This activity is also known as application engineering.





Figure 4  A reuse process.





Ted was satisfied with the tentative reuse process.  Lisa, however, thought to herself that something was missing.  Is the process complete?





Reuse Personnel


Lisa Moore and Ted Ricks had invited a representative from Hewlett-Packard to present on his division’s reuse program.  The representative, Roland Martin, spoke on the reuse roles and responsibilities in his division:





Reuse Architect:


Expertise: Proficient at software analysis, and object-oriented methods.


Qualifications: Formal software engineering education, analysis and design experience, domain analysis experience, object-oriented design and programming.


Responsibilities: Analyze domains, assist with analysis and design of new products.





Librarian:


Expertise: proficient at metrics collection and evaluation, and repository development and maintenance.  


Qualifications: Formal software engineering education, reuse metrics experience, reuse repository, tools and experience.


Responsibilities: Component classification, metrics collection and evaluation, maintain repository, assist users.





Reuse Engineer:


Expertise:  Proficient at evaluation and restructuring software components for reuse.


Qualifications: Formal software engineering education, domain analysis experience, object-oriented methods experience, testing experience, quality assurance experience.


Responsibilities: Reverse engineering, reuse engineering, test components.





Source: R. Martin, G. Jackoway, and C. Ranganathan, “Software Reuse Across Continents,” presented at The Fourth Annual Workshop on Institutionalizing Software Reuse, Reston, VA, 1991.





After the presentation, Ted and Lisa pondered the following questions:


What reuse roles and responsibilities are appropriate for BFA?  What are some of the ways that these people can motivated? And trained?





Organizational Structure


Ted was in a quandary on how to organize the reuse personnel in BFA division.  He was considering two alternatives.





In the first alternative, he would form a Reuse Group separate from the ‘regular’ software development projects.  Such a group would be composed of producer engineers, domain analysts, a reuse metrician, and others.  Lisa pointed out that the advantages of this organizational structure are that the reuse personnel would have a more global and objective view of the consumers’ needs; common software tasks can be combined; and development of reuse standards and a consistent methodology would be supported.  Ted was concerned that reuse personnel who attempt to help the software development projects may appear to be outsiders than if they actually resided on the projects.  Furthermore, reuse personnel in a separate group tend to be further removed from understanding the consumers’ needs.





The second alternative would be to have reuse personnel reside within each project, reporting to the project manager, rather than in a separate organization.  Ted felt such a structure would enable reuse personnel to be more attuned to the needs of the consumer and allow reuse-related decisions to be resolved at the project level.  Lisa pointed out that when such personnel report to the software development project manager, reusable software tends to optimized for the project only, not for other development efforts; and reuse tasks may be unnecessarily duplicated across projects.  Furthermore, the reuse personnel would be less able to communicate with each another.





Should Ted keep the reuse producer engineers in a separate group?  Or should he assign a reuse producer engineer to a project?  Are there other alternatives?





Financing the reuse program


Initial Funding


Lisa and Ted met with the BFA division manager, Nancy Andersen, to discuss how the BFA reuse program would be funded.  Nancy stated, “We’re not in this for charity.  Since we are judged by Corporate on how well we use our resources, I consider the funds that I provide you from the BFA coffers as an investment.”





Responsibility Center


In accounting terminology, a responsibility center is the location where responsibility for certain activities lies.  When the center has responsibility for revenues earned as well as expenses incurred, the center is called a profit center. 





Within General Signal, virtually every suborganization (i.e., project, laboratory, division, group) was evaluated as a profit center, with few exceptions (e.g., corporate research).  BFA was also a profit center.  Will the reuse that occurs as a result of Ted and Lisa’s efforts be beneficial to General Signal, Inc.?  to BFA?  How might ongoing funding be obtained for the BFA reuse program?





Marketing the BFA Reuse Program


Although sometimes mistakenly used as a synonym for selling and promoting, marketing is actually a broad concept. The essence of reuse marketing is the exchange of an asset of value (e.g., information, design assets, code assets, support) intended to satisfy the organization's needs and desires.  The marketing concept as applied to reuse is that the key to achieving the reuse organization's goals lies in accurately identifying the needs and desires of the target organizations and delivering the desired value. 





Different concerns may be held at different levels of the organization. Lisa and Ted outlined what they felt were the concerns at each level.





�
	Reuse Stakeholder Analysis





Chief Executive Officer, Chief Operating Officer:��Concerns: Can you increase market share and shareholder value?�Measures: Increased market share and share price.





Group Level Manager:��Concerns: Can you lower the costs and increase the revenues of my group?�Measures: Increased profitability, reduced costs, improvements in quality, productivity, and time-to-market for products in the group.





Division Manager/Department Manager:��Concerns: Can you keep my development cost down and help deliver my product? Can you help me spend less on maintenance projects and more on “star” projects?�Measures: Reduced costs, meet milestones.





Project Manager:��Concerns: Can you help me meet deadlines with my limited resources? Don't expect me to provide extra resources to make my software reusable.�Measures: Finished on time within budget at a certain level of quality.





Engineers:��Concerns: Can you free up my time so that I can do more interesting work? Can you reduce the pressure to meet deadlines and reduce the number of defects that I need to fix?�Measures: Less tedious programming; meeting deadlines; fewer defects to fix.





Who influences the decision to reuse?  Who makes the decision to reuse?  Who actually will reuse?





Reuse marketing is also about creating an awareness of how reuse can provide solutions to problems.  After brainstorming on some ways of promoting both the Corporate and BFA reuse programs, Ted and Lisa identified the following: brochures, newsletters, technology/productivity fair, publications.  





What other ways are there to promote the Corporate and BFA reuse programs?





Measuring reuse


Nancy Andersen met with Ted, Lisa and two BFA project managers, Guy Rox and Andy Chmar, regarding metrics for the reuse program.  She informed them, “I want a metric or metrics that will tell me the value that reuse is adding to a project’s usual development practices and to BFA as a whole.  Would that be the reuse percent metric?  You tell me.  BFA is concerned with quality, productivity, time-to-market, and leveraging the expertise of its more experienced engineers.  Determine what the reuse percent levels presently are on the projects and then I want each project to increase it by at least 30% by year-end.”  (The reuse percent metric was defined as lines of code reused divided by total lines of code in product.)





Ted, Lisa, Guy and Andy met later that day to start identifying appropriate reuse metrics.  Guy appeared disheveled with his shirt tail untucked.  He managed his project in the same fashion.  His three engineers did little to communicate to one another regarding commonalties in the set of transactions on which they were working.  Even if there were common functionality in their set of transactions, each engineer would uniquely create the functionality for his or her own transaction.  Guy’s final product is expected to be about 500 KNCSS (thousands of non-comment source statements).





Andy, on the other hand, ran an efficient project.  If there had been redundancy among its transactions, his four engineers would have recognized it and designated one engineer among themselves to create a reusable version which would be used by the other three engineers.  Andy’s final product is also expected to be the same size as Guy’s.





“Well,” Guy said, “I suggest we measure quality, productivity, and time-to-market in the following way.”  He handed each person a photocopied sheet of paper riddled with coffee stains:





Quality: Defects per thousand non-commented source statements (KNCSS)


Productivity: Thousands of non-commented source statements (KNCSS) divided by engineering months.


Time-to-market: Thousands of non-commented source statements (KNCSS) in final product divided by productivity.





Is the 30% increase in reuse percent by year-end desired by Nancy Andersen reasonable?





If a reusable asset of size 50 KNCSS were used by Andy and Guy’s projects, what would be their respective savings?





What do you think of Guy’s suggestions for measuring quality, productivity, and time-to-market?





How might Ted, Lisa, Andy, and Guy identify appropriate reuse metrics for BFA?
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General Signal, Inc. (Part 4)





Implementing Software Reuse


With a reuse plan in hand, Ted Ricks was eager to implement the reuse program within BFA.  Lisa asked Ted how receptive he thought BFA was to reuse.  Ted felt that approximately one-half of the engineers had heard of reuse and had already been stockpiling and informally reusing code assets.  However, about one-third of the engineers had not heard of reuse but were open to learning more about the technique.  The remainder (1/6th) felt things should be left as they were.





Ted preferred to demonstrate the viability of reuse over the life cycle of a project (or portion thereof).  He likened it to the medical resident who stays up for 36 hours or more during his/her training to follow and learn about the progress of a particular illness.  “When we fully understand and experience how reuse can be applied throughout the life cycle, we can then confidently propagate it to the rest of the division,” Ted declared.





Technology Transfer


Technology transfer is the insertion of a technology into an organization. Ted knew that at Hewlett-Packard, personnel who developed reuse expertise on one project and then as part of their career path migrated to another project proliferated reuse knowledge.  Furthermore, he had attended a talk by a person from Ferranti International who stated that:





"Technology is transferred effectively between groups of different specializations only if staff move with the technology." 


- J. Glynn, "Technology transition model," Ferranti International, 1990.





Lisa told Ted: "Look, if we're going to attain systematic reuse within BFA, we need systematic ways of transferring this technology and not wait until people who are skilled in reuse become part of a given project."





Our comprehension of the adoption of new technologies is aided by understanding how different individuals within organizations are receptive to and make commitments to new technology.  Lisa provided Ted with a framework developed by Przybylinski et. al. which notes that “both individuals and groups make commitments to the adoption of new technologies in a regular pattern”:





Contact - The transition target has had contact with the technology through some means, e.g., documents, briefings, marketing information, etc.


Awareness - That contact (or others) makes the target aware of the existence of the technology.


Understanding - The target understands the technology well enough to be conversant in the relevant details.


Trial use - The target agrees to use the technology for some purpose on a trial basis, e.g., a pilot project, prototype development, etc. This is often done to facilitate the “adoption” decision.


Adoption - The target agrees to use the technology more widely within their organization for an application that is related to the target’s business purpose.


Institutionalization - The use of the technology is made part of the standard practices of the organization. 


Source: S. M. Przybylinski, P. J. Fowler, and J. H. Maher, “Software technology transition tutorial,” in 13th International Conference on Software Engineering, May 12, 1991.





How might Ted utilize the framework to help transfer reuse technology?  What are some technology transfer methods that Ted can employ?





Change management


An issue that was heavy on both Ted and Lisa's minds was how to manage the change that personnel had to undergo for reuse to succeed.  Specifically, how can they convince personnel that reuse was beneficial and handle any resistance?





One of Lisa’s academic degrees was in marketing psychology.  She told Ted that she recalled a definition of attitude as “a person’s enduring favorable or unfavorable cognitive evaluation, emotional feeling, or action tendency toward some object or idea.” (Source: W. J. Stanton, Fundamentals of Marketing. New York, NY: McGraw-Hill, 1981.)





“So,” Lisa said, “attitude changes toward software reuse implies this: how can the reuse program create a sense in which consumers perceive that their needs will best be served by software reuse?”





Given the definition of attitude, Lisa felt it involved changing one or more of three factors: evaluation, feeling, and action tendency. Specifically, consumers’ cognitive evaluation of software reuse may change if relevant and persuasive data regarding reuse is provided. Consumers’ emotional feelings also might change with an “emotionally appealing” message. An incentive to consumers to try something may change their “action tendency.” 





What are some examples of techniques that may change a potential consumer’s cognitive evaluation, feeling, or action tendency toward reuse?





Carrot and Stick


“Well, there’s always the old carrot and stick techniques,” Lisa quipped as she handed Ted the following:





A stranger came upon a farmer and his dog. The dog was lying at his master's feet and was audibly moaning.


“Why is the dog moaning?” inquired the stranger.


“Because he's lying on a nail,” replied the farmer.


“Why doesn't he get up from the nail?” asked the stranger.


The farmer paused and then said “Because it doesn't hurt enough.”





“That’s true,” Ted chuckled. “people are somewhat creatures of habit.”





What (if any) carrot and stick techniques should Ted and Lisa consider?





Conversion strategy


Ted felt the Godzilla effort would be a good project to demonstrate the viability of reuse.  He believed there was sufficient commonality within the project (internal reuse) to justify a reuse effort.  Now that he had identified a project as a suitable candidate for reuse, he needed to select an appropriate approach for implementing reuse on Godzilla.





One approach is parallel conversion which involves operating both the current and the new method simultaneously. When he is confident that the new method will perform satisfactorily, the current method is discontinued.





Lisa pointed out that parallel conversion hedges the risk involved in switching over to a new method and provides a means of comparing results between the new and current approach for the same development project(s). Ted noted, however, because of this duplicity and demand on resources, this method was likely unrealistic for the Godzilla project.





Another approach, direct conversion, consists of discontinuing the current method and starting up the new method in a very short period of time.  Ted noted that while this approach entails risks, some projects have used it because of the resources that are freed. These resources, when focused on making the new method work, can serve to make it successful. Another advantage to direct conversion is that the entire project is transformed to a reuse development system, i.e., the incentives, tools, and techniques interact together in such a way that reuse is optimized for the project.  The greatest disadvantage, however, was the risk associated with such a dramatic change in methods for the entire project.





What other conversion approaches are available to Ted and Lisa?  Given Ted’s goals, which approach is appropriate for Godzilla?
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