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Chapter 18

Maintaining Information Systems

Chapter Overview

Chapter 18 introduces students to the process of maintaining information systems, the final phase of the systems development life cycle.  This chapter is not found in many traditional system analysis and design textbooks, even though maintenance is where a majority of the financial investment in a system occurs.  More information systems professionals are devoting their careers to systems maintenance.  Also, as more systems move from initial development into operational use, it is likely that even more professionals will work in maintenance-related activities in the future.  This chapter links maintenance to the SDLC and describes the four types of maintenance requests:  corrective, adaptive, perfective, and preventive.  After describing the types and costs of maintenance, the chapter describes several managerial issues related to system maintenance.  The chapter concludes by describing the role of CASE in maintenance, discussing Website maintenance, and examining the maintenance process at Pine Valley Furniture’s WebStore.  The topics presented in this chapter are very important for students to understand because they represent the most prominent systems development activity, an activity that many students are likely to encounter.

Instructional Objectives

Specific student learning objectives are included at the beginning of the chapter.  From an instructor's point of view, the objectives of this chapter are to:


1.
Explain and contrast four types of maintenance.


2.
Describe several factors that influence the cost of maintaining an information system and apply these factors to the design of maintainable systems.


3.
Describe maintenance management issues, including alternative organizational structures, quality measurement, handling change requests, and configuration management.


4.
Illustrate the role of CASE when maintaining information systems.


5.
Discuss the importance of Website maintenance.

Classroom Ideas


1.
Chapter 18 introduces concepts and terms central to understanding the maintenance of information systems.  Discuss Review Question 2 in class, since it encourages students to compare and contrast several key terms.  Also, ask your students to review the key terms listed at the end of the chapter.


2.
During a lecture, an effective way to focus the discussion on issues surrounding system maintenance is to use the tables and figures in the chapter.  Figures 17-2, 17-4, 17-5, and 17-6, as well as Tables 17-2 and 17-4, work very well as a basis for class discussion.


3.
An alternative method to presenting the chapter material is to lecture from the Review Questions, Problems and Exercises, and Field Exercises.  Pose selected questions to your students, helping focus a discussion on specific concepts.  Problems and Exercises 1, 2, 3, 5, and 8 and Field Exercise 2 are good motivators for class discussion.


4.
Another very effective in-class exercise is to ask students who have maintained an information system to compare their experiences to the concepts presented in Chapter 17.  This discussion is a good way to elaborate on key system maintenance issues (e.g., role of CASE, quality measurement, and the origination of change requests).  


5.
If you have access to practicing systems analysts, an insightful activity is to invite these analysts into your class to discuss how maintenance is managed in their organization.


6.
A hot topic in the systems world is software delivery via the Internet.  Have your students locate articles relating to this topic and discuss their articles in class.  Ask your students to discuss maintenance as it relates to software delivery via the Internet.


7.
If you have access to a local organization’s Webmaster or the university’s Webmaster, invite him to your class.  Ask the Webmaster to discuss maintenance issues related to his organization’s Website.

Answers to Key Terms


Suggested answers are provided below.  These answers are presented top-down, left to right.


7.
Maintenance


8.
Mean time between failures (MTBF)


5.
Corrective maintenance


4.
Configuration management


1.
Adaptive maintenance


2.
Baseline modules


9.
Perfective maintenance


11.
System librarian


10.
Preventive maintenance


3.
Build routines


6.
Maintainability



Answers to Review Questions


1.
Adaptive maintenance refers to the changes made to a system to evolve its functionality to changing business needs or technologies.  Corrective maintenance refers to changes made to a system to repair flaws in its design, coding, or implementation.  Perfective maintenance refers to changes made to a system to add new features or to improve performance.  Preventive maintenance refers to changes made to a system to avoid possible future problems.



Baseline modules are software modules that have been tested, documented, and approved to be included in the most recently created version of a system.  Build routines are the guidelines that list the instructions to construct an executable system from the baseline source code.  The system librarian is the person responsible for controlling the checking-out and checking-in of baseline modules for a system when a system is being developed or maintained.



Maintenance refers to the changes made to a system to fix or enhance its functionality.  Maintainability refers to the ease with which software can be understood, corrected, adapted, and enhanced.


2.
Four major activities occur within maintenance:  obtaining maintenance requests, transforming requests into changes, designing changes, and implementing changes.  The first phase of the SDLC, project identification and selection, is analogous to the maintenance process of obtaining a maintenance request.  The SDLC phases of project initiation and planning and analysis are analogous to the maintenance process of transforming requests into a specific system change.  The design phase of the SDLC equates to the designing changes process.  Finally, the SDLC phase implementation equates to implementing changes.  This similarity between the maintenance process and the SDLC is no accident.  The concepts and techniques used to initially develop a system are also used to maintain it.


3.
Table 18-1 summarizes the different types of maintenance.  Corrective maintenance repairs flaws in a system’s design, coding, or implementation.  Adaptive maintenance evolves a system’s functionality to changing business needs or technologies.  Perfective maintenance adds new features or improves system performance.  Preventive maintenance makes changes to a system to avoid possible future problems.


4.
Factors that influence maintenance costs are summarized in Table 18-2.  Of these factors, three were described as being very important:  defects, customers, and documentation quality.  The number of latent defects refers to the number of unknown errors existing in the system after it is installed.  Because corrective maintenance accounts for most maintenance activity, the number of latent defects in a system influences most of the costs associated with maintaining a system.  If there are no errors in the system after it is installed, then maintenance costs will be relatively low.  If there are a large number of defects in the system when it is installed, maintenance costs will likely be high.  A second factor influencing maintenance costs is the number of customers for a given system.  In general, the greater the number of customers, the greater the maintenance costs.  A third major contributing factor to maintenance costs is the quality of system documentation.  Without quality documentation, maintenance efforts can increase exponentially.  


5.
The three ways of organizing maintenance personnel are separate, combined, and functional.  The advantages and disadvantages of each approach are summarized in Table 18-4.


6.
To measure effectiveness, you must measure the number of failures, time between each failure, and type of failure.  Measuring the number and time between failures provides you with the basis to calculate a widely used measure of system quality.  This metric is referred to as the mean time between failures (MTBF).  As its name implies, the MTBF measure shows the average length of time between the identification of one system failure to the next.  Over time, you should expect the MTBF value to rapidly increase after a few months of use (and corrective maintenance) of the system.  If the MTBF does not rapidly increase over time, it is a signal to management that major problems exist within the system and that these problems are not being adequately resolved through the maintenance process.


7.
Measuring maintenance effectiveness provides important management information for future projects.  For example, if a higher frequency of errors occur when a particular development environment is used, such information can help guide personnel assignments, training courses, or the avoidance of a particular package, language, or environment during future development.  


8.
The book presents a flowchart that suggests one possible method for dealing with maintenance change requests.  The flowchart suggests that you must determine the type of request.  If, for example, the request is an error--that is, a corrective maintenance request--then the flowchart shows that a question must be asked related to the error's severity.  If the error is “very” severe, then the request has top priority and is placed at the top of a queue of tasks waiting to be performed on the system.  If, however, the error is considered not very severe, then the change request can be categorized and prioritized based upon its type and relative importance.  If the change request does not concern an error, then you must determine if the request is to adapt the system to technology changes and/or business requirements or to enhance the system so it will provide new business functionality.  For adaptation requests, they too will need to be evaluated, categorized, prioritized, and placed in the queue.  For enhancement type requests, they must first be evaluated to see if they are aligned with future business and information systems plans.  If not, the request will be rejected and the requester will be informed.  If the enhancement appears to be aligned with business and information systems plans, it can then be prioritized and placed into the queue of future tasks.  



The method for reviewing maintenance requests strongly suggests that all requests should not be handled in the same way.  The process also suggests what should be done with different types of requests.  In situations where there is a catastrophic failure of the system, time may be of the essence, and a formal review of a request will take too long.  In such a situation, the formal evaluation process can be circumvented.


9.
Configuration management is the process of assuring that only authorized changes are made to a system.  A system librarian controls the baseline source code modules.  If maintenance personnel are assigned to make changes to a system, they must first checkout a copy of the baseline system modules because no one can directly modify the baseline modules.  This ensures that only those modules that have been checked out and then formally checked in can reside in the library.  Organizations have adopted this approach so that before any code can be checked back in to the librarian, it must pass the quality control procedures, testing, and documentation standards established by the organization.


10.
A primary objective of using CASE for systems development and maintenance is to radically change the way in which code and documentation are modified and updated.  When using an integrated CASE environment, analysts maintain design documents such as data flow diagrams and screen designs, not source code.  In other words, design documents are modified and then code generators automatically create a new version of the system from these updated designs.  Also, since the changes are made at the design specification level, most documentation changes such as an updated data flow diagram will have already been completed during the maintenance process itself.  Thus, one of the biggest advantages to using CASE is its benefits during system maintenance.


11.
Two special purpose CASE tools, reverse engineering and reengineering tools, are primarily used to maintain older systems that have incomplete documentation or that were developed prior to CASE use.  Reverse engineering tools are those that can create a representation of a system or program module at a design level of abstraction.  Reengineering tools extend reverse engineering tools by automatically, or interactively with a systems analyst, altering an existing system in an effort to improve its quality or performance.


12.
The issues and procedures mentioned in the chapter are 24x7x365, checking for broken links, HTML validation, re-registration, and future editions.  Web pages are available 24 hours a day and require special care when updating their contents.  The textbook mentions locking the page while it is being updated or using time and date stamps.  Equally important is validating the accuracy of the Web page’s links.  Various software products are available to facilitate link validation.  It is important to validate HTML before new or modified pages are published.  If significant changes are made to a Website, re-registering the Website with search engines may be required.  Additionally, alerting visitors that the Website is undergoing (or will) changes is a good idea.

Answers to Problems and Exercises

1.
For a variety of reasons, it makes sense to talk about maintenance as both the final stage of the SDLC and as a process similar to the SDLC.  On the one hand, maintenance is typically conducted as the final, albeit on-going, step in a properly conducted SDLC.  On the other hand, a properly conducted maintenance stage is like a microcosm of the SDLC process, complete with its own form of project identification and selection, project initiation and planning, analysis, design, and implementation.  Maintenance is simultaneously the end of the broader SDLC and a mini-SDLC of its own.  It is possible, natural, and useful for the maintenance stage to exist in this dual form, so there is no inherent conflict in describing maintenance in this way.


2.
For the most part, a request to change an information system is handled much like a request for a new information system.  For example, for a new system request, the systems personnel must estimate the duration and scope of the project and assess its risk and feasibility.  However, a change request is handled somewhat differently.  For instance, the systems personnel must determine how the requested change will affect the current system.  Also, change requests are often batched together into a maintenance project to gain some economies of scale and to minimize the frequency of change for users.  Thus, change requests interact with one another, and may be modified to meet conflicting and complementary needs of different requests.  One could argue that for a new information system the parallel would be that systems personnel must determine how the new information system will affect and interact with other current information systems and business processes.


3.
To reduce corrective maintenance the answer is clear:  do a better job in analyzing, designing, coding, and implementing (including testing) new information systems.  There is no better way to reduce the number of repairs to an information system than to do an effective, thorough job in the development process.  Usually the most expense errors to correct are those that fix incorrect requirements, so doing a thorough job in analysis (both requirements determination and structuring) not only reduces the need for corrective maintenance but also provides the extensive documentation that can reduce maintenance time.  Also, building systems using common tools and languages makes it easier for a variety of highly trained maintenance personnel to quickly do their job.  However, there are some problems requiring corrective maintenance that cannot be avoided or even foreseen.  For example, some components purchased and installed from a third party as part of a new information system may later be found to be defective.  A “Murphy’s Law” approach would be to do as good a job as possible in designing, coding, and implementing the system, and then be prepared for when the inevitable problems occur.


4.
The intent of a SSR is to briefly state the business problem or opportunity, along with general ideas of how to address the problem or opportunity.  Pine Valley’s SSR does provide this information.  However, the SSR could be modified to indicate the type of request (maintenance or new system development) being requested.  Students will provide additional recommendations.


5.
To manage defects, the first cost element of maintenance, the analyst can better design, code, and implement the system to try to avoid these defects.  The analyst can then try to prepare for defects, some of which are inevitable.  Analysts cannot manage the customer cost element, but they can lobby for more money or new hires if their customer base grows too large for them to handle effectively.  The only element of control an analyst has on customer cost occurs during project scoping, at which time an analyst can argue for decomposition of a project into smaller projects, each with fewer customers.  For the documentation cost element, analysts can work hard with users to develop high quality documentation that passes strict testing.  For the personnel cost element, analysts might not have much control.  However, if analysts are involved directly in maintenance tasks, they can work hard and efficiently so that money is not squandered on maintenance personnel costs.  In terms of tools, analysts can participate in a rigorous cost benefit analysis for proposed new tools and ensure that only the necessary tools are purchased for maintenance tasks.  In terms of software structure, analysts can work hard to ensure that software is designed so that it can be more easily maintained.  For example, they can help to develop good system documentation that is likely to be needed for subsequent system maintenance.


6.
It is not important which form of E-R diagramming notation your students choose; it is more important that your students list the relevant types of information required for a system librarian to perform her job well.  The entities that the system librarian is concerned with include the system, baseline modules, and system personnel.  Each system is comprised of modules, which have version information, maintenance status, quality standard status, check in/out status, and build routines.  Many entities have effectivity dates, indicating when that object was active; alternatively, date ranges can be used for a broader set of status indicators for objects, such as planned, designed, coded, tested, released to developers, and released to customers.  The data model would also show usage activity, so the workload on the librarian can be tracked.  Another goal of the data model is to show module reuse, much as a bill-of-materials data model shows product component reuse.  Security and controlling access to entities is an issue, so systems personnel need maintenance authority levels for each of the systems and modules.


7.
This question encourages students to examine the difficulties that may develop during the maintenance phase as a result of RAD.  For instance, students should think about the implications of shortened planning and design phases and the impact of designing systems in isolation from other systems on the maintenance phase.


8.
Product design engineers manage the configuration of their products in much the same way as described in this chapter.  They use the equivalent of baseline modules, build routines, and system librarians to manage changes in their products.  In addition, they use logbooks, extensive note taking, and automated tools, such as project management software, to manage these changes.  In fact, some have argued that the information systems field has attempted (and rightly so) to become more like the engineering field in its rigor, discipline, and consistency, hence the term “software engineering.”


9.
An interesting way to approach this question is to ask your students to investigate the maintenance services provided by various Web hosting services.  The ISP’s responsibilities will vary depending on what it has been contracted to do.  However, Website maintenance issues address those presented in the textbook, operating 24 hours a day, how maintenance is actually performed, making sure that links are up-to-date, validating HTML, re-registration, and notifying visitors of future editions.

Guidelines for Using the Field Exercises

1.
Students are likely to find that their organization of choice is using the classical maintenance organizational structure; that is, the maintenance group is separate from the development group.  However, many organizations are trying other structures for organizing this function (especially those that locate development and maintenance staff closer to users), so the students may find other forms being used.  Students should find that the managers cite advantages to their particular maintenance organizational structure that are similar to those discussed in the chapter and listed in Table 18-4.  Have your students compare their answers.  If there are differences, have your students discuss why these different structures are being used in these different organizational settings.  Similarly, if different reasons for using the same structure are cited across different organizations, have your students explore why different reasons were given.


2.
Students are likely to find that systems personnel are using methods similar to those described in the chapter.  Calculating the mean time between failure and other analyses of systems failures are common ways to measure maintenance effectiveness.  In addition, some organizations are measuring their users’ satisfaction with maintenance and their perceptions of effectiveness in order to supplement other measures of maintenance effectiveness.  If students have obtained quantitative or qualitative historical data about maintenance effectiveness, they will probably find that as organizations are becoming more service oriented, as training in and subsequent use of the SDLC improves, and as technology gets better and easier to use, maintenance effectiveness should have improved over the past few years.


3.
If the organization or systems staff is relatively large, the chances are greater of finding someone with the explicit job title of systems librarian.  Otherwise, your students are more likely to find someone with a different job title fulfilling the role of systems librarian.  Students are likely to find that these individuals use a database application, project management application, or CASE tool to perform their systems library tasks.  These individuals come from a variety of backgrounds.  They have backgrounds in maintenance, programming, analysis, and help desk functions.  This type of job is commonly given to a new MIS undergraduate who has limited experience and technical training.  He might spend a short time in this position to “learn the ropes” before moving on to another position.  Have your students compare their answers so that they can see the variety of ways that organizations handle this position and the variety of people that hold it.


4.
Your students should easily locate a Webmaster to interview.  Organizations will have different policies and procedures for maintaining their Website.  However, the organizations should have policies for dealing with the issues discussed in Chapter 18.   Encourage your students to ask the Webmasters about the issues and procedures mentioned in the textbook.  If you have time, ask your students to investigate your university’s Website maintenance policies.  It is possible that the university has a Webmaster for the university’s site and also has Webmasters for the individual colleges.  It would be interesting for the students to see if maintenance policies vary within the university.

Guidelines for Using the Broadway Entertainment Company Cases
Guidelines and answers for using the Broadway Entertainment Company cases are available on this textbook’s companion Web site.  Please visit www.prenhall.com/hoffer to access this information.
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