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1.0 Introduction 

In recent years, users and data processing personnel have become in- 

creasingly aware of the cost of building and maintaining computer- 

based information systems. In addition to recognizing the cost and 

complexity of these systems, organizations have recognized that these 

systems are built and maintained over a long period of time and that 

the life of a computer-based information system can be viewed as con- 

sisting of a series of steps or phases. During each of these phases 

in the life cycle of a system, different activities are performed, var- 

ious user and data processing personnel are involved, and different 

degrees of time and materials are expended. 

Traditionally, the construction or programming phase of the life cycle 

received the most attention of practitioners and researchers. Because 

of the failure of many large systems to meet the requirements of the 

end users, much attention during the past few years has also been di- 

rected to the requirements analysis and design phases. Software engi- 

neering, structured design, and structured walkthroughs are but a few 

of the techniques that have been discussed, developed, and used in an 

attempt to improve the quality of these pre-implementation phases. 

This shift in emphasis from programming to requirements and design 

will most certainly effect the quality of systems. However, in spite 

of how systems are built in the future, the importance of post-imple- 

mentation activities will continue. These phases and activities are 

important because of the large number of complex systems in existence 

and the large number that are about to become operational (most of 

which are being built without the benefit of structured design, suf- 

ficient documentation, etc.). Daly [1977] characterized these post- 

implementation activities as follows: "Although many feel that the 

management of large software development is mysterious, or at least 

little understood, the long term control and maintenance of large pro- 

grams is even more mysterious." 

The purpose of this paper is to survey the phases of the life cycle 

which occur after the design, construction, and implementation of a 

system. These phases will be referred to as the operation phase and 
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the maintenance and modification phase. 

Each of these phases consists of a number of sub-activities. With 

respect to some of these sub-activities, the paper will address the 

following: 

a) the main problems that occur 

b) procedures and techniques used by organizations during these ac- 

tivities to reduce the impact of the problems 

c) research results and approaches which could effect the activities 

of these phases 

d) activities which may be performed in earlier life cycle phases to 

reduce the number of problems during operation and during mainte- 

nance and modification 

Section 2 will formally define the problem area and highlight the 

difficulties currently encountered during these two phases. Section 

3 will present, discuss, and classify the various types of observation 

and analysis that occur during the operation phase. Section 4 will 

discuss maintenance and modification activities. Section 5 will pre- 

sent a summary and conclusion. 

2.1 Problem Definition 

The phases of the life cycle of a computer-based information system 

have been defined by many authors and operating organizations. De- 

pending on the originator of the definition, the number of phases, 

their individual names, and the sub-activities differ widely. For 

the purpose of this paper, we will assume that the life cycle phases 

are specified as follows: 

a) Specification of General Need 

b) Feasibility Study 

c) Collection and Analysis of User Needs 

d) External Design (General Systems Design) 

e) Internal Design (Detailed Systems Design) 

f) Construction and Conversion 

g) Testing 

h) Operation 

i) Maintenance and Modification 

The detailed description of the sub-activities, problems, and solutions 

associated with phases a) through g) is the subject of many papers. 

While the amount of resources expended in these phases is often larger 

many people now believe the major portion of software manpower is 

spent in maintenance rather than in development (Boehm [1973], Brans- 

comb [1976], Lientz, et al. [1978]). Similarly, because of the many 
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large systems now in development that will soon transition to the 

operation/maintenance/modification phases, it is expected that efforts 

in both of these phases will increase, at least in the short and mid- 

term range. Coupled with the high system longevity, some predict a 

five or ten to one ratio of operation/maintenance/modification cost 

to development cost when viewed over the total life cycle (Gansler 

[1976]). 

The complexity of the post-implementation phases is de-emphasized in 

the "linear" presentation of the life cycle steps as presented earlier 

in this section and as presented in most system development manuals. 

A more representative description is given in Figure i. The operation 

phase and the maintenance and modification phase are on-going, cyclic 

activities. In addition (but not represented in Figure i), these 

phases often occur simultaneously, that is, while the system is in 

operation, maintenance and modification activities take place. The 

figure explicitly identifies the "analyze" activity and the "obser- 

vations" and "specification of changes" entities. These entities and 

activities are important components of the transition between opera- 

tions and maintenance/modification but are often ignored in the life 

cycle management of organizational information systems. 
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3.0 Observation and Analysis 

3.1 Introduction 

To effectively manage a computer-based information system, thorough 

and careful observation and analysis of system behavior and perform- 

ance must be undertaken. This section will review existing methodol- 

ogies for observing and analyzing a system. Both external, off-line 

observation and analysis tools as well as internal, on-line, tools 

will be discussed. Several promising new ideas will also be examined. 

3.2 Performance Management 

With the ever growing complexity of computer systems, the problems 

related to computer performance measurement and evaluation have re- 

ceived considerable attention from researchers and practitioners alike. 

Most of the concern in this area, however, is related to issues of 

hardware and system software performance. Measurement and evaluation 

of such criteria as CPU utilization and scheduling policies are aimed 

at decisions regarding hardware enhancements or system software tuning. 

The effective operation and evolution of an information system requires 

observation and analysis which transcends the hardware and system soft- 

ware. The term "performance management ~ will be used to describe the 

activities of observation and analysis both off-line and on-line which 

are necessary for managing an information system throughout its opera- 

tional life-time. 

Observation requires the systematic recording of pertinent performance 

measures. The analysis activity involves comparing these observed per- 

formance measures with certain predefined standards of performance. 

If these standards are not met, then maintenance and modification ac- 

tivities are undertaken. 

Traditional computer performance measurement and evaluation has de- 

veloped a common set of performance metrics which are easily observed 

and analyzed. When considering performance management of an informa- 

tion system, standards of performance include not only the quantifiable 

measures but also a considerable number of intangibles. It is extremely 

difficult, if not impossible, to measure and quantify such standards 

as user satisfaction, system security, data integrity, and system re- 

coverability after unforeseen hardware or system software failures. 

The next two sections will address existing tools and highlight some 

novel approaches to implementing an effective performance management 

program for an operational and evolving information system. 



668 

3.3 External Performance Measurement 

In the development phase of an information system, alternative system 

designs are generally compared and the design with the least cost and 

greatest potential benefit is chosen. To make this decision, various 

organizational costs are identified and estimated. Among these are 

personnel costs, equipment costs, cost of vendor software, file con- 

version costs, and perhaps the opportunity cost of undertaking differ- 

ent projects. To the extent that these costs are able to be estimated, 

they provide quantifiable standards against which development progress 

can be measured. 

A more difficult task is to quantify benefits which will accrue from 

an information system. Certainly some benefits can be assigned mone- 

tary values such as a reduced billing cycle and improved inventory 

management. Information systems are, however, often designed and im- 

plemented to provide certain intangible benefits to the organization. 

Improved managerial control, increased data security, improved employee 

morale are all benefits which are immeasurable yet constitute design 

goals for an information system. 

The methodology of cost/benefit analysis is well defined and widely 

used in the development of many corporate and social systems. In a 

recent survey paper, King and Schrems [1978] have adapted cost/benefit 

analysis to information systems development and operation. Their sur- 

vey carefully describes the stages of cost/benefit analysis as it 

would apply to an information system. For information system develop- 

ment, they enumerate many of the costs, both obvious and "hidden," 

which must be considered. They also provide suggestions for assigning 

values to many of the heretofore intangible benefits of information 

systems. 

A comprehensive cost/benefit analysis of an information system provides 

standards against which the development of the system can be measured. 

More importantly, the cost/benefit analysis performed during system 

development can provide the standards for the performance management 

of an operational system. 

The environment in which an operational information system exists dur- 

ing its life-time is a changing one. Workload requirements change, 

data files grow, and hardware is enhanced or replaced. By periodically 

reassessing the identified costs and benefits of the information sys- 

tem, maintenance and modification tasks may be initiated to ensure 

satisfactory system performance in light of a changing environment. 

This application of cost/benefit analysis as an auditing tool can pro- 
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vide significant external information to the process of performance 

management. 

Lastly, cost/benefit analysis as an on-going procedure can provide 

the necessary information for the all important decision of when to 

initiate a complete system redesign. Information systems should enjoy 

only finite life-times. Costs of operation and associated benefits 

to the organization will eventually exceed reasonable limits and main- 

tenance and modification activities will be insufficient to correct 

these problems. At such a time, the life-cycle of an information 

system must be reinitiated. 

A novel approach to the observation and analysis of a continuing sys- 

tem is provided by Grochow [1971] who attempted to measure and tune 

the performance of a time-sharing operating system. Grochow's approach 

was not to tune the system to maximize CPU utilization or minimize 

page faults, but rather to maximize user satisfaction. To accomplish 

this, he devised a utility function which addressed the user-oriented 

issues of system availability, system reliability, and response time 

to different classes of tasks. He estimated the shape of the utility 

function by interviewing users of the system and was able to assess 

their levels of satisfaction over parameter ranges of three variables. 

With this empirical utility function, anticipated modifications to 

the time-sharing system could be measured with respect to their im- 

pact upon the user community. In much the same way, the performance 

management of an operational information system must be sensitive to 

the user community. External, off-line, measures of user satisfaction 

with the information system are important factors to consider during 

operation and may, after analysis, initiate maintenance and/or modifi- 

cation activities to insure user acceptance. 

3.4 Internal Performance Management 

Effective performance management of an operational information system 

must combine external and internal measures. In contrast to the ex- 

ternal performance measures which are somewhat ad hoc in nature, the 

internal performance measures discussed in this section are more highly 

developed, readily available, and easily observed and analyzed. 

Widespread interest in computer performance measurement and evaluation 

has resulted in the development of numerous methods for the collection 

and analysis of computer performance data (General Services Adminis- 

tration [1977]). These methods vary from sophisticated and expensive 

hardware attachments to vendor supplied software monitors and lastly 

to the often overlooked, operator's log and system malfunction reports. 
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Caution should be exercised in the use of these measures as it has 

been demonstrated by Stevens [1978] that many of the indicators in 

widespread use are actually misleading. 

Hardware monitors are stand-alone electronic devices which are attached 

at various points to the main computer system hardware. They have 

several advantages over software monitors in that they do not induce 

any unwarranted overhead to the operation of the computer system and 

they can probe aspects of the hardware performance which would other- 

wise be unobservable. 

Hardware monitors are used to observe device utilization, such as the 

CPU, channels, and secondary storage devices. They do not observe 

individual tasks operating in a multiprogrammed environment. They 

can, however, still be useful in the observation and analysis of an 

operational information system. It can safely be conjectured that a 

limiting factor in the performance of an information system will be 

its efficiency in I/O performance. Possible uses for hardware monitors 

then might include observation of activity to devices upon which in- 

formation system files are stored. Maintenance activities might in- 

volve a redistribution of files across secondary storage devices or 

channels to decrease device/channel contention within the information 

system. Additionally, for on-line information systems supporting a 

large number of remote terminals, hardware monitors may be used in 

the analysis of communication bottlenecks. If such problems exist, 

hardware and/or software modifications may be made to alleviate the 

problems, thereby prolonging the operational effectiveness of the in- 

formation system. 

Software monitors differ from hardware monitors in that they are typ- 

ically event driven software systems which log various occurrences 

during the operation of application programs. These monitors are often 

supplied by the computer system vendor as part of the operating system. 

The individual installation has the option of using a software monitor 

and may select those events which are to be logged. Typical events 

which may be recorded are job initiation, job termination, interrupts, 

and various input/output operations. 

Software monitors do incur a penalty of increased operating system 

overhead and may be a source of performance degradation. Most soft- 

ware monitor systems may be turned "on" and "off" to afford periodic 

snapshots of application program performance with minimum interference. 

The analysis of software monitor logged data should be made by an ex- 

perienced systems programmer. In spite of the most careful detailed 
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system design and testing, the true operational characteristics of an 

information system will not become evident until the system is in full 

operation. In analyzing software monitor data, various maintenance 

and modification projects may be deemed appropriate. For example, 

different subsystems within the information system may access the 

same files and consequently cause a deadlocking situation to arise. 

If the subsystems can be scheduled independently, the problem may be 

avoided. Additionally, in virtual memory computer systems excessive 

paging may be a source of overall performance degradation. A simple 

re-linking of system components may alleviate this problem. 

As part of the performance management program for observing and ana-- 

lyzing information systems, these performance monitors, if available, 

can provide a great deal of insight into actual system performance. 

Because the environment of an operational information system is con- 

tinually changing, periodic observation and analysis should be carried 

out. 

A final source of information to a performance management program is 

the operator's log. This manually maintained data is often overlooked 

and the information it contains may not be reported to the individual 

responsible for the information system. In most computer centers, 

operators record events such as system crashes, disk volume mounts, 

tape mounts, and hardware malfunctions. If any of these events con- 

cern the operational information system, then maintenance and modifi- 

cation activities may be warranted. 

The internal performance management tools described above can and 

should be used to continually assess the overall performance of an 

operational information system. Recently, attention has been focused 

on analyzing the performance of a part of a total information system 

-- the database. It has been recognized that the most volatile aspect 

of an information system is its data files. While user requirements 

are sure to change over time, they do so relatively slowly with re- 

spect to the changes that take place in files through insertion, de- 

letion, and update of stored records. 

One of the most common maintenance activities performed during the 

operational life-time of an information system is the periodic reor- 

ganization of a database. In many information systems, the storage 

structure and access methods used handle insertion of new record oc- 

currences by means of overflow areas on secondary storage devices. 

As these overflow areas begin to fill with inserted records, system 

performance for retrieval applications degrades. Similarly, deleted 

records are often merely flagged and the space is not recovered. An 
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important consideration for file systems of this type is when should 

the data files be reorganized in order to move inserted records to 

their proper positions and recover deleted space. 

During observation of an operational information system this problem 

may be detected in a number of different ways. Externally, users of 

the information system may express dissatisfaction with progressively 

deteriorating response time to queries or increased run times for ap- 

plication programs. Internally, performance monitors may indicate 

poor performance by recording excessive numbers of I/O requests as 

the overflow areas become more heavily used. Additionally, many file 

systems maintain logs of all insertion, deletion, and update trans- 

action for backup purposes. Analysis of the log tape will indicate 

the volume of insertions and deletions which may be used as a measure 

of file degradation. 

This problem has been known for a long time and affects many opera- 

tional information systems independently of their particular applica- 

tion. The solution to the problem is proceeding along two different 

fronts. First, there is a cost associated with reorganization of a 

file and there is a cost incurred by user applications when overflow 

areas are used. The solution then becomes one of determining when 

these costs are equal. Shneiderman [1973], Yao, Das, and Teorey [1976], 

and Tuel [1978] have examined the problem and have postulated appro- 

priate cost functions. With these cost functions they analytically 

derive optimum reorganization points for data files. To adapt their 

work to a continuing performance management program, the various cost 

functions must be parameterized to reflect the particular information 

system, file system, and hardware being observed. 

The second approach to solving this operational problem is the more 

practical in that it removes the problem completely. Recent advances 

in storage structure and access method design allow for efficient in- 

sertion of record occurrences in their proper places and recover de- 

leted space automatically. Storage structures based on the B*-tree 

developed by Bayer and McCreight [1972] represent approaches to the 

solution of the problem. 

During the internal design stage of information system development, 

decisions are made regarding the logical structure of a database, 

the physical placement of record occurrences, and the determination 

of which access paths will be maintained. These design decisions im- 

pact the operation of the information system throughout its life. 

System designers have at their disposal certain tools to assist in 

physical design. Among these are the File Design Analyzer (Teorey 
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and Das [1976]), IBM's Database Design Aid (Hubbard and Raver [1975]), 

and the Database Design Evaluator (Teorey and Oberlander [1978]). The 

designer estimates system parameters and anticipated user activity and 

a proposed design is produced. During actual system operation, it may 

become apparent that certain parameters were estimated incorrectly or 

that important considerations were overlooked. Also, information sys- 

tems are subject to change over time. Files grow in size and patterns 

of usage change thereby invalidating the basis of the original design. 

A very promising area being investigated now deals with the question: 

What can be done during an information system's operational life-time 

to aid the system in adapting to a changing environment? The answer 

lies in the continuing observation and analysis of the operational 

system's characteristics and the use of the results of the analysis 

to guide the evolution of the information system. 

The extent to which an information system may respond to a changing 

environment partially depends upon the level of logical and physical 

data independence. With a high degree of physical data independence, 

self-organizing file schemes may prove beneficial in organizing the 

"active" portion of the file into a small number of contiguous blocks 

thereby reducing costly I/O activity. If and when user activity shifts 

to a different portion of a file, the filing scheme will respond ac- 

cordingly. 

At a higher level of consideration, the maintenance and use of secon- 

dary access paths to shared records affects system performance. Schkol- 

nick [1974], King [1974], and others provide design aids which suggest 

optimum sets of access paths. A cost model which balances the cost of 

secondary index maintenance with the benefits of reduced I/O activity 

is used. These suggested designs also tend to lose their effectiveness 

after the information system has been in operation. 

Continuous observation and analysis of an operational system can yield 

valuable insight into changing requirements. Hammer [1976] has pro- 

posed a methodology for collecting and analyzing access information 

and then allowing for the dynamic creation and deletion of secondary 

access paths. This methodology is quite promising for future systems. 

The present drawback is that this type of self-adaptive behavior de- 

mands a very high level of data independence. Present day database 

management systems typically allow the user to be aware of secondary 

access paths, and any scheme which dynamically creates and deletes 

these paths would seriously affect applications. 

The last topic for discussion concerning observation and analysis of 

operational information systems deals with the maintenance of software. 
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Recently, Halstead [1977], Kolence [1975], and others have investi- 

gated the measurement and prediction of software development and qual- 

ity. An excellent review of this recent work is given by Fitzsimmons 

and Love [1978]. 

Halstead's theory of software science is particularly applicable to 

the consideration of large-scale software development as well as main- 

tenance. By cleverly adopting long known physical laws, particularly 

from thermodynamics, Halstead has postulated a set of "laws '~ governing 

program length, programming time, programming effort, and a predictor 

of program design bugs. 

In the survey by Fitzsimmons and Love, numerous experiments are re- 

viewed and a remarkable correlation between Halstead's predictions 

and actual software practice are cited. Perhaps the most interesting 

result concerns the prediction of the number of bugs to be expected 

in operational software systems. The predictors involve easily meas- 

urable quantities derived during system development. At the time of 

system implementation, the number of residual bugs may be estimated 

and may be used as a measure of the maintenance and modification ef- 

fort which will be required during the remainder of the system life 

cycle. 

4.0 Maintenance and Modification 

4.1 Introduction 

The cost and manpower effort expended on maintenance and modification 

of software system has often been much larger than expected, hidden 

in various budgets, and hard to estimate beforehand and/or determine 

after the fact. It is now commonly recognized that the cost of main- 

tenance and modification exceeds that of initial design and construc- 

tion. Estimates of the rate of maintenance and modification cost to 

design and construction cost range from two to fifty. 

Lientz, et al. [1978] described the results of a survey of 69 organi- 

zations regarding maintenance and modification activities. The re- 

sults of their survey were as follows: 

a) maintenance and modification do consume much of the total resources 

of systems and programming groups 

b) maintenance and modification tend to be viewed by management as 

at least somewhat more important than new applications software 

development 

c) problems of management orientation tend to be more significant 

than those of technical orientation 
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d) user demands for modifications constitute the most important man- 

agement problem area 

The purpose of this section is to address the issue of maintenance and 

modification in the following manner: 

a) present working definitions for "maintenance" and "modification '~ 

b) describe some reasons why the maintenance activity is viewed as 

undesirable by programmers 

c) present some suggestions to improve the maintenance function 

d) describe what may be done in earlier phases of the life cycle to 

reduce maintenance and minimize the impact of modification 

4.2 Definition of Maintenance and Modification 

The dictionary provides the following general definitions: 

maintain - to keep in existence or continuance; preserve; retain 

modify - to change somewhat the form or qualities of; alter partially 

With respect to computer-based information systems, the distinction 

between "maintain" and "modify" is often not as precise as may be in- 

dicated by the general definitions. When an activity ceases to be 

maintenance and becomes modification is not always clear, and what one 

organization calls maintenance may be called modification in another. 

One area of disagreement is in the classification of changes which im- 

prove the performance of a system. Most often, maintenance activities 

are those which correct programming and design flaws and those which 

change portions of a module or program in response to a requirement 

change. Swanson [1976] provided a classification of three types of 

maintenance activity. Briefly, these activities are: corrective 

maintenance (performed in response to the assessment of failures)~ a- 

daptive maintenance (performed in anticipation of change within the 

data or processing environments); and perfective maintenance (performed 

to eliminate inefficiencies, enhance performance, or improve maintain- 

ability). Modification activities usually include sub-system or sys- 

tem design changes and result in the addition of functional capability. 

System maintenance and modification involves users, programmers, and 

analysts, the same people that are involved in development activities. 

For many years, the data processing industry has implicitly operated 

as if development was hard and challenging, and maintenance and modi- 

fication were easy. The definitions given above and past experience 

point out that it is not the magnitude or complexity which determines 

whether something is development or maintenance/modification, rather 

it is the purpose and/or point of initiation. 

Just as organizations do not always agree as to the distinction between 
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maintenance and modification, they do not agree as to the desirability 

of a separate unit within the systems and data processing department 

for the performance of maintenance and/or modification functions. 

Some organizations require that the developer performs maintenance 

but have a separate group perform modifications. In most cases, when 

more than one group is involved, the maintenance and/or modification 

group as well as the user signs off on the system prior to implemen- 

tation. 

4.3 The Image of Maintenance 

Historically, the task of software maintenance has been viewed as an 

undesired duty and responsibility by analysts and programmers. Some 

of the reasons for this attitude are real, some are only perceived. 

The reasons include the following: 

a) the name of the function or activity. "Maintenance" implies a 

slight adjustment to something which someone else created. The 

adjustment is most often perceived to be only necessary to correct 

an error in someone else's work. 

b) maintenance activities occur in a crisis environment. The system 

that needs to be maintained has been operational and therefore 

users are depending on it. While users are somewhat patient dur- 

ing modification because of their perception of the complexity of 

the task, maintenance is perceived by the user as easy and there- 

fore to be completed immediately. 

c) the system to be maintained is most often poorly documented. Liu 

[1976] claims that documentation is either non-existent, misleading, 

or insufficient. 

d) both development and maintenance programmers most often over-empha- 

size program efficiency as a design or redesign criteria. This 

situation can have two types of negative effects. On one hand, 

the maintenance programmer is hindered by the fact that since 

"efficiency" and "maintainability" are often conflicting objectives, 

the program to be maintained is difficult to understand. On the 

other hand, maintenance programmers are often frustrated by inef- 

ficient programs and often spend too much time attempting to in- 

crease the efficiency of the program as opposed to concentrating 

on the task of maintenance. 

e) the maintenance function is often viewed by management as a good 

place to provide "on-the-job" training for programmers. Because 

of this, the background and experience of maintenance programmers 

is too often limited. Consequently, many members of a maintenance 

team are often unaware of such issues as the long-term objectives 
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of the organization, the relationship of a system to others within 

the organization, and the evolution of a particular system. 

in some sense, the current emphasis in organizations and by researchers 

on such techniques as software engineering and structured design is 

having a negative effect on the awareness of the importance of main- 

tenance and modification activities. Some of the claims for these 

techniques lead one to believe that maintenance and modification prob- 

lems will automatically be substantially reduced if the system is 

properly designed and constructed. However, in many cases in the past, 

it was not clear whether a system that was difficult to maintain or 

modify was in that condition because of events that occurred during 

design and development or because of events that occurred after initial 

operation. 

In addition to reducing the cost and complexity of maintenance and 

modification through improving the techniques and procedures used in 

developing and testing (see Section 4.5), it is also possible to reduce 

this cost and complexity by improving the techniques and procedures 

used in the operation phase and the maintenance and modification phase 

themselves. The interest in changing the activities of these phases 

is motivated by the fact that many systems are often difficult to main- 

tain because of events in an earlier iteration of the operations phase 

or the maintenance and modification phase. Often programming and docu- 

mentation standards that were followed prior to initial operation are 

not followed during maintenance and modification. Similarly a system 

may have been easy to maintain when it became operational, but when 

efficiency problems arose during operation, the system was changed 

without regard to future maintainability. 

4.4 Improvements to the Maintenance Function 

These problems and negative attitudes toward the maintenance function 

have been addressed by some organizations (Daly [1977], Liu [1976], 

Izzo [1978], Podalsky [1977]). Some suggestions include the following: 

a) the name of this function should be changed to something more 

positive such as "product support," "application system support," 

or "software support." This type of name more accurately conveys 

the importance and the need for creativity in this organizational 

function. 

b) senior programmers should constitute at leash 30% of the mainten- 

ance staff. 

c) assign maintenance programmers to active design tasks for 50% of 

their working time. This suggestion and the previous one would 
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tend to increase the expertise of the maintenance staff as well 

as potentially lead to systems that would be designed with main- 

tainability as an objective. 

d) the project should not be turned over to the maintenance staff 

until it has stabilized through a number of iterations. During 

these first few iterations, the quality of the system and its 

documentation would hopefully be improved by the designers them- 

selves. Placing them in a maintenance function for this short 

period of time may help them to realize that while the system is 

functionally correct it is also difficult to maintain. 

e) develop explicit procedures for testing a system after it has 

been "maintained" but before it has been put back into operation. 

These testing procedures should address the unmodified portion 

of the system and the documentation as well as the modified por- 

tions of the system. 

These suggestions and others are directed to the staffing and execu- 

tion of this function. A broader management concept has been proposed, 

called software configuration management, which suggests that, beginning 

with the life cycle phase of testing, the system be under the control 

of a separate organizational function (Daly [1977]). Under configur- 

ation management, all code and documentation (original and proposed 

changes) must be accompanied by the proper supervisory approval and 

must include a test plan. This type of management structure in some 

sense applies the quality control normally used by hardware and system 

software manufacturers to manage system software to the management of 

application software within user organizations. 

4.5 Change s to Previous Life Cycle Steps 

The size and complexity of the maintenance and modification function 

have led many organizations and some researchers to address what can 

be done to reduce the required maintenance and modification of a 

computer-based system. Much of the work of structural design and 

programming (Peters and Tripp [1977]) and that of requirements defi- 

nition and analysis are directed toward this goal. 

Many of the current problems with computer systems can be traced back 

to the design objectives of a system. Most often these objectives 

are one or more of the following: produce a system that meets the 

functional requirements with minimum expenditure of resources, and/or 

produce a system that, when operating, consumes a minimum amount of 

machine resources. In order to produce systems that are easier to 

maintain and/or modify, the design objectives may have to change 
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(Daly [1977]). Two alternate design objectives are as follows: 

a) perform the desired functional operations and minimize expected 

on-site maintenance costs 

b) perform the desired function operations with minimal expenditure 

of resources (manpower and material) over the entire system life 

cycle. 

The high cost of the maintenance and modification activities, have led 

many organizations and authors to question the basic structure of the 

life cycle as illustrated in Section 2 of this paper. Brooks [1975] 

and Podalsky [1977] contend that the life cycle is itself recursive 

and that, in addition, organizations often throw away systems sometime 

during the life cycle and start all over. While many organizations 

recognize these and similar facts, very few organizations have revised 

these life cycle management policies and procedures to reflect them. 

A related topic of increasing interest to organizations is the concept 

of "bread-boarding" or prototype development and use. The experience 

with these approaches is limited. However, their effect on the life 

cycle in general and maintenance and modification in particular could 

be substantial. 

5.0 Sunm~ary and Conclusion 

The cost and complexity of the process of building and maintaining 

computer-based information systems is now receiving widespread acknowl- 

edgment. Initially, each system was built and maintained based solely 

on the experience of the specific users, managers, analysts, and pro- 

grammers assigned to the system. 

Gradually, certain management, engineering, and scientific principles 

have been and are being developed by the data processing community or 

by a given operating organization which have the effect of bringing 

more structured, systematic approaches to the entire life cycle. These 

systematic approaces initially appeared in the middle phases of the 

life cycle, then in the early phases, and now, to some degree, in the 

later phases. 

The changes within an organization with respect to life cycle activ- 

ities are themselves often subject to an evolutionary cycle or series 

of phases. First, organizations recognize the problem in terms of 

excessive costs, delays, or redundant efforts. For example, in the 

early days of computing, the manpower inefficiency of writing programs 

in machine languages was recognized. Second, generally accepted rules, 

policies, and procedures are developed to organize or structure the 

specific life cycle activities. Third, formal methodologies and, in 
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some cases, computer-aids are developed and become the tools of the 

user and/or data processing personnel involved in the step. With 

respect to the programming phase, compilers and operating systems 

clearly place the industry in the third phase. With respect to de- 

sign (internal and external), software engineering approaches moved 

the industry to the second phase, and recent advances indicated a 

possible transition to the third phase. With respect to operation, 

maintenance, and modification, the industry appears to be in the 

second phase although certain computer-aids are under development in 

the research laboratories (Su and Reynolds [1978] and Swartwout, 

Novak, and Fry [1977]). 

Finally, just as automobiles and hardware have an identifiable useful 

life span, all software systems will at some point in time be no longer 

cost justifiable. The transition from the maintenance and modification 

phase of one system to the specification of user need for another sys- 

tem must be more systematically addressed. Recent work on both problem 

recognition and proposed solutions has appeared (Oliver [1978] and Fry, 

et al. [1978]). Formal approaches and, possibly computer-aids, hope- 

fully will soon evolve both for more of the operation~maintenance~modi- 
fication activities and the inevitable conversion step. 
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