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Abstract

When developing software systems using the top-down design approach, it is ex-
tremely important to state first the objectives and success criteria of the development
in a clear and comprehensive manner. Once these goals have been defined, the clarity,
consistency, and breadth of this definition must be evaluated. The first document for
software systems containing both the goals and their evaluation is the development
proposal. In this paper we show how to construct a development proposal, explain
why it should be constructed in this manner, illustrate its review, and evaluate its con-
tents.
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1 Introduction

The software development process normally follows a “stepwise refinement” pattern,
and the steps are usually called phases. Several publications present a set of definitions
for the phases and a description of the mechanics of documentation and verification
for each phase and for the overall project. Some of these publications propose a
“model-driven” development cycle [1, 2] where the results of each phase and their ac-
ceptance criteria are clearly defined. It is claimed that by following this development
pattern, rather than other techniques, the number of retrofits is reduced and the qual-
ity of the resulting software is substantially improved.

In following a stepwise refinement or “top-down” development pattern the goals,
functions, success criteria, and constraints of the proposed system should be stated
first, so that there is a clear understanding of what is to be accomplished. This state-
ment must be as precise as possible but must be a broad definition [3] since it is the
first step in the refinement process.

We call this first document describing the software system the “development pro-
posal” and believe it to be fundamental to the achievement of quality software prod-
ucts. This development proposal and its evaluation or acceptance criteria are the cen-
tral issues of this paper.

In any top-down development pattern, acceptance of a step can be made only with
regard to the knowledge which is available at the time the acceptance review is con-
ducted. Thus it is quite possible that later steps in the refinement process will invali-
date previously accepted items owing to increased knowledge or an evolving envi-
ronment.

In the refinement process, a step may not be fully developed before proceeding to
the next one. Such selective amplification of a portion of a step allows the partial im-
plementation of a system to determine whether the system is likely to satisfy its goals
and constraints. For example, such questions as the following are important to the sys-
tem and should be answered early in its development:

¢  Are the performance criteria likely to be acceptable?
e Are the input and output formats acceptable to the users? and

® Are the operational constraints reasonable?

If the problems arise at this stage, the various steps in the design process can be modi-
fied before an extensive commitment is made.

The software life cycle consists of several phases, and the production of the devel-
opment proposal is the first step. Several publications describe models for the parti-
tioning of the whole development effort into phases. We shall not enter into more de-
tail here, but refer the interested reader to other works [2, 4-6].

The remaining sections of this paper justify and describe the development proposal.
Section 2 provides a rationale for the development proposal and briefly states how the
concept evolved. In Section 3 an outline of the method for constructing and reviewing
the development proposal is presented. Section 4 describes the review criteria used to
evaluate the development proposal. Finally, section 5 reviews the entire concept of a
development proposal. A detailed outline of the development proposal is presented in



the Appendix and can be used as a guide for the statement of the problem and its con-
straints.

2 Rationale for a development proposal

The successful development of a computerized system depends upon an early under-
standing of its goals, functions, success criteria, and constraints. This information must
be acquired before any major planning effort is initiated. For example, there should be
a clear understanding of the functions of the current system and the proposed re-
placement system, the constraints posed during its development and operation, and its
interaction with other systems [1-4]. This background information will state major re-
strictions and mandatory utility and quality requirements and allow predictions and
estimates. All of this information can be used as an aid for generating alternatives dur-
ing subsequent phases [3].

2.1 Main Objectives of the Development Proposal

Software may be developed to add features to an already existing system, to replace
some or all components of existing systems, or, finally, for an entirely new application.

In any of these cases, knowledge about the existing system and about the proposed
replacement must be gained. It should be clear, though, that the degree of formalism
should increase as the estimated development cost of the replacement system, or com-
ponents, grows. Thus, for small improvements to an already existing system, a devel-
opment proposal as described in this paper may prove to be an excessive effort. How-
ever, for major changes and developments of new systems, this effort should pay off in
the form of a development subjected to far fewer surprises and crises.

The knowledge about the existing system is necessary in order to determine the fea-
sibility of initiating the development, and to determine some of the goals which the
addition or replacement system must satisfy. The existing system should be described
by a brief but clear and precise document that highlights its known problem areas.

The proposed change or new system must also be described since the whole devel-
opment effort will use this description as a departure point. At this initial stage, this
description cannot be detailed; however, sufficient information must be presented to
provide a clear, current picture of its goals, functions, operations, success criteria, and
constraints. This description reflects the current state of knowledge about the system
and may change substantially over the lifetime of the project. The proposed system is
then compared to the existing system to determine whether the results are feasible and
whether the proposed system covers the problem areas.

Although a comparison between the two systems is necessary, it is not sufficient to
verify that the proposed system is a reasonable one. Many factors may create difficul-
ties in the development or operation of the replacement system. Thus the environment
for the creation and operation of the new system must also be known. This environ-
ment consists of development methods and constraints, operational procedures and
constraints, and interactions with other systems.

As a final step, estimates must be shown for resources such as budget, manpower,
and time, as these resources will be required to produce and install the new system.
After gathering all this information one can attempt a cost analysis and hence deter-
mine whether the project is acceptable and should proceed.



The less the new development affects the existing system, the greater the precision
to be expected in the estimates. Furthermore, as expected development costs decrease,
so should the cost of the development proposal. However, even in the case of small
projects or extensions, a development proposal is needed in order to state the objec-
tives, the utility, and the quality requirements of the programs or system to be devel-
oped. If the proposal does not exist, we might end up with a patchwork that does not
meet the objectives and requirement of the evolving system.

The development proposal should contain sufficient information for an economic
analysis of the project. This analysis should not be incorporated into the development
proposal since (1) it would introduce excessive detail (the analysis does not contribute
sufficiently to the understanding of the proposal) and (2) the economic analysis should
be reviewed after each development phase.

The development proposal consists of two major items: the proposal and a review
of the proposal. The proposal simply states the problem and the current constraints on
its solution. Thus the proposal contains several estimates and predictions and a tenta-
tive functional design for the new system.

The review provides a reasoned argument about the adequacy of the proposal. This
argument guides the reader through the reasons for the decisions in the proposal and
hence determines the level of knowledge at the time of proposal preparation. The re-
view is not merely an acceptance criterion, but an explanation of the important por-
tions of the proposal; thus it forms the heart of the proposal.

The development proposal described in this section should be viewed as a broad-
brush problem description and not as a preliminary study or system specification.
Both of these latter documents are to be produced after the development proposal has
been accepted by management. Production of the proposal should not consume too
many resources ; its main purpose is to serve as a commitment or contract between the
users and system developers.

2.2 Related Published Work

The development proposal described in this paper is the result of an evolutionary
process. During this evolution, development proposals were described and several
new systems were formulated using each one as a model. Shortcomings were discov-
ered and were eliminated.

The present development proposal is a minor evolution of another [7]. This one has
been applied in an industrial environment to define a new medium-size information
system. It has also been used as a “laboratory” in a systems design course. The major
weak points found and corrected were precision of language and the necessity of envi-
ronmental requirements (Section 4.3).

The current literature illustrates several different ways to produce development
proposals. The method presented here has been proposed and used where it has been
impossible to obtain a company-wide requirement analysis of the computerized sys-
tem. The next few paragraphs mention briefly other methods described in the litera-
ture.

The method proposed by IBM’s Business System Planning [8] requires the participa-
tion of people at the highest management level, including the president of the com-
pany. The objective of the business system planning method is to design an integrated
information system. Such a development is not always possible, owing to the size, na-



ture, and geographical dispersion of the company. The business system planning
method is very formalized and includes planning for the requirements analysis, de-
termining typical manpower, office organization, and interview sessions. The results
of applying this technique provide a solid understanding of the company’s function
and information needs without too much reliance on the present company structure.

PSL/PSA [9] proposes a documentation system and a formal mechanized analysis
and review system. It is most useful during analysis in determining functional specifi-
cations, problem statement, and design. Although the development proposal and func-
tional specifications are very similar on the surface, they differ immensely in detail.
The development proposal is a sketch of the whole system and its constraints. On the
other hand, the functional specifications must be precise, complete, and detailed.

Several other publications [2-5] mention the need for a development proposal and
give some details about its contents. The January 1977 issue of IEEE Transactions on
Software Engineering presented several articles concerning requirement analysis.
Again the main concern seemed to be to produce quite detailed descriptions of what
the system should do, i.e., a document close to a functional specification. However, no
publication known to the authors presents a detailed description of a development
proposal including its construction, contents, and review methodology.

3 Construction and review of the development proposal

Once the need for a new system or an extension has been observed, the first version of
the development proposal should be produced, using the detailed guidelines pre-
sented in the Appendix. The first version of the proposal may not contain enough in-
formation to answer adequately to each item in the guidelines, so production of a final
version is likely to be an iterative process.
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User | | ™~,| Project leader
reviews reviews
.User Leader
review report \ / review report
Correct and \_/L\
consolidate
Revised
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review
\ Review /
y_\ Not OK

Figure 1. Construction and review process.

Once the first version of a development proposal has been produced, it is reviewed
by the project leader (system designers, system architects responsible for the project)



and by the users or their representatives, and a review report is produced. Using the
review report and the development proposal, it is the project leader’s responsibility to
ensure that the development proposal is complete and consistent and that there is gen-
eral agreement about its contents.

Once the corrections have been made, the revised development proposal is re-
viewed again in joint sessions between the users and the project leader. This process
continues until there are no more changes to be made and both users and the project
leader agree that the development proposal is accurate with respect to the knowledge
at the time the final version is produced.

At this point the development proposal is complete and both parts of the proposal
and review are made available.

In Figure 1 we show steps in the construction and review process for a development
proposal.

In some cases, the construction and review cycle for the development proposal may
never converge to an acceptable version. Such an instability can occur for several dif-
ferent reasons. For example:

1. The user and project leader cannot agree on a final proposed system because the
users are unable to specify the requirements of the system.

2. The corrections to the development proposal negate previous corrections since
no adequate record-keeping mechanism for changes has been instituted.

3. The use of excessive detail prevents completion of the proposal since the users
and project leader do not understand its purpose.

4. The system is developed independently of its final use. This is often the situation
with systems developed as status symbols.

5. Neither the users nor the project leader actively participate in the construction or
review of the proposal. Such a situation arises when one or both are technically
immature and a thorough discussion is not possible.

There may be other reasons for lack of convergence of the versions of the proposal, but
the examples are representative of most of the difficulties one is likely to encounter.

4 The review method

The main purpose of the development proposal is to serve as a base for the develop-
ment of the proposed system. The proposal consists of two parts: a description of the
current and proposed systems, and a review or evaluation of the adequacy of the cur-
rent and proposed systems.

The description method has been presented in a previous section. The group pre-
paring the development proposal amplifies each section and subsection of the outline
given in the Appendix.

The review or evaluation method is presented in this section. As an evaluative pro-
cedure, the review must answer questions about the original description of the system
to determine whether the description is complete. The answers to these questions often
pinpoint deficiencies in the current description and hence are used to improve it. This
process is an iterative one and several iterations may be required before all questions



are answered in a satisfactory manner. The final development proposal can then be
used as a control standard during later stages of the system development.

Since each project is different, it is difficult to formulate a set of questions that cov-
ers every possible contingency. It is more reasonable to establish a set of standards or
appraisal criteria against which the description can be measured. If chosen correctly,
these appraisal criteria should cover the entire set of questions and in fact also antici-
pate any future questions.

This section presents a set of appraisal criteria that attempts to encompass all the
probable questions. Different appraisal criteria may be based on identical data con-
tained in the development proposal; in that case the data is interpreted in a different
way. The appraisal criteria are grouped into five main classes:

1. the current system,

the proposed system,

2

3. the relation of the proposed system to the environment,
4. the operational feasibility of the proposed system, and
5

the feasibility of developing the proposed system.

Each of these criteria is further subdivided, and the subdivisions are described in the
section corresponding to each class.

Several of the appraisal criteria overlap and hence are somewhat redundant. Re-
dundancy is a desirable property since it provides a means for checking results and,
hence, an informal error-detection mechanism. Of course, such redundancy may also
be a source of inconsistency and hence cause errors. Thus evaluation using the ap-
praisal criteria must be performed with caution.

4.1 Current-System Appraisal

This appraisal class provides a framework so that the understanding of the current
system can be evaluated. This class is necessary since it is the first step in the justifica-
tion of the development of a replacement system. If no current system exists, this ap-
praisal class is irrelevant. In making the appraisal of the current system it should be
noted that a lack of precision in any of the descriptions is very dangerous since the re-
placement system proposed may lack certain essential functions and thus cause wrong
estimates and restrictions to be established.

The appraisal criteria for the current system may be subdivided into description,
current organization, necessity, complexity, and security.

Description of the current system. This appraisal criterion is used to obtain an un-
derstanding of the functions of the current system. The appraisal should be made at a
broad level and little or no analysis should be performed. A more precise and detailed
understanding will be gained later during the analysis or functional specification
phase.

Evaluation requires information about the following:

¢ the tasks performed by the current system, both manual and computerized;
e the goals of these tasks;

o the data flow between tasks;



¢ the service requests that may occur, and which tasks are triggered by these re-
quests;

e the origin of the service requests;

¢ the periodicity, or volume per time unit, of service requests;

¢ theresults required for each type of service request; the external inputs per task;
¢ the data maintained by the current system;

¢ the storage media, such as ledgers, file cabinets, tapes and disks;

e the expected and real elapsed time from service-request reception to output dis-
tribution; and

e the number of service requests that are not satisfied,

o and the main reasons for this lack of satisfaction.

Current organization. This appraisal criterion examines the current organization of the
enterprise and whether it is adequate to operate the present system. This criterion is
important since it provides an indication of whether a change to the organization is
necessary or desirable. In many cases the observed need for a new system stems from
inadequate organization. Installing a computerized system in such a case will not alle-
viate these organizational difficulties and, in fact, may even emphasize them. As a
consequence the whole development effort may be wasted because of an inadequate
product.

Replacement systems are frequently close in concept to the current system. Hence,
weak spots in the present organization and operational environment should be well
understood since they may be reflected in the replacement system and expected bene-
tits will not occur.

Evaluation of the organization requires investigation of the following;:
¢ the tasks performed by the present system; the data flow between tasks;
¢ the controls that are imposed on the operation of the present system;
* the operational difficulties of the present system;
¢ the volume of stored data;
¢ the storage media used for, the data; any access and retrieval difficulties;
¢ the number of operational users involved in the operation of a task;
¢ the number and complexity of processing steps for each service request;

¢ the number and organization (position and responsibilities) of persons (operative
users, direct users, and indirect users) involved in each service request-here we
should count actual persons not person-hours;

¢ the number of service requests that have not been properly processed and the
reasons;

¢ the real and expected elapsed time between service requests arriving and output
distribution;

¢ the number, size (number of data items), and complexity of forms used by the
present system;

¢ the operating cost of the present system; the volume of service requests; and

e examples of each class of user, emphasizing training and skills.



Need for the current system. This criterion measures the importance of the present
system to the user. Only the needs of the user for the current system are examined; the
cost and operational difficulties are not considered.

Using this criterion, an attempt is made to determine the utility and value of the
current-system features to both the direct and indirect users, since in many situations
inadequate or unnecessary outputs or reports are produced. Quite often such outputs
are found to be the key reason for upgrading a system that really is operating in a sat-
isfactory manner.

Current-system complexity. The evaluation requires information about various fac-
tors:
¢ the tasks performed by the current system; the data flow in the current system;

e the effect of data that is imprecise, incomplete, and not current on the tasks of the
system,

e the difficulty of performing each task-specifically, the volume of data accessed,
the size of the output, the complexity of the operations performed, such as ag-
gregation, sorting, association, computation, and the interdependence of the
stored data, should be examined,;

¢ the number of forms required; the volume of services required;

¢ the expected and real elapsed time from service-request arrival to output distri-
bution;

¢ the number of steps required to produce desired outputs per service request; and
¢ the operative user-the training and skills required.

Security of the current system. This appraisal criterion determines the capacity of the
current system to operate in adverse or hostile environments.

All systems whether they are computerized or not should be able to survive catas-
trophes, such as fires and floods, operational errors, such as input errors or oversights,
and intentional errors or misuses of the system. This criterion should determine secu-
rity and weaknesses of the present system and determine what would be acceptable
security standards for the present system.

The evaluation requires information about the following:

e the ability of a task to function with data that is incomplete, imprecise, or not
current;

¢ the degree of confidentiality of the data (what happens if some data is known to
unauthorized personnel?);

¢ the direct and indirect users' views of the importance of the present system;
o the volume of stored data;

¢ the storage media used for maintaining data;

¢ the existing catastrophe protection measures;

¢ the existing access authorization measures;

¢ the difficulty of reconstructing destroyed data;

¢ the frequency with which data is incomplete, imprecise, or not current; and

¢ the number and organizational structure of the operative staff.



4.2 Proposed System Appraisal

In this section of the development proposal, the proposed computerized system is ex-
amined. The main items to be considered are a tentative design document, the impact
of the proposed system on the user, and the expected benefits. One should also deter-
mine whether there are any requirements being placed on the proposed system which
are either superfluous or unrealistic.
The appraisal criteria for the proposed system may be subdivided as follows:

e definition of the proposed system,

e definite restrictions on the proposed system;

¢ the life expectancy of the proposed system;

¢ the complexity of the proposed system,

¢ the complexity of the solution to the problem relative to the task to be performed,

* security of the proposed system, and

® benefits of the proposed system.,

Definition of the proposed system. This criterion allows the construction of a rough
approximation to the functional specification and a subsequent evaluation of that
specification.

Although at this stage there is not necessarily enough information about the system,
an experienced designer should be able to produce an intuitive functional specification
that shows how the proposed system will operate. Obviously, this preliminary concept
is likely to be quite different from the system design that will eventually be produced;
however, this preliminary design is necessary to estimate quantities such as costs,
deadlines, and resource requirements. Furthermore, this approximate specification is
necessary to gain an understanding of the main inputs, outputs, data bases, and proc-
esses that will have to be designed [3]. It should be stressed that this approximation is
just that: an approximation, and not law. However, changes to this approximation
must be justified so that we do eventually converge to a workable design.

The evaluation of the proposed system requires the following:

e a statement of the automatic and manual processes contained within the pro-
posed system;

¢ the description of these processes; the data flow among the processes;
¢ the necessary data to activate each individual process;
¢ the output for each process;

¢ the data maintained by the processes-specifically the type of data but not the im-
plementation details;

¢ the service requests and their descriptions; the origin of service requests;
¢ the frequency, or volume per time unit, of each service request;

¢ the expected elapsed time or response time from service-request arrival to output
distribution;

e the responsibility for input data;
¢ the responsibility for storing and maintaining data; the need for the outputs;
¢ the security requirements for input data;

¢ the security requirements for output data;



e the security requirements for the data base (in all this description, the name
“data bases” is used in the general sense of data, and includes data stored as on-
line files, dismountable files, filing cabinets, and ledgers); and

e the expected volumes of inputs and outputs, data bases, and service requests.

Definite restrictions. This criterion determines the validity of any preimposed design
and implementation alternatives. Preimposed design and implementation restrictions
may be caused by certain standards or peculiarities of the site(s) of operation; thus lan-
guages, data-base systems, computers, input/output equipment, and other things may
be predefined and cannot be freely chosen during design and implementation. Since
such standards or preimposed alternatives are frequently based on current conditions
and may change in the future, they should be reviewed and restated explicitly for each
new project. The appraisal should be performed both overall and on an item-by-item
basis. Since the restrictions vary from project to project, it is not generally possible to
determine elementary items in advance. However, the form of the restrictions should
obey the following pattern: (1) restriction description, (2) justification for the restric-
tion.

Typical restrictive items are hardware, portability, operating systems, software
support systems, languages, input/output equipment, and forms, as well as labels,
density, and layout for each file, development procedures, documentation procedures,
programming style, system types available (such as online systems, centralized sys-
tems, and networks), quality and maintenance requirements, and user interview re-
strictions.

There are several other possible restrictions that could be discussed under this ap-
praisal criterion, but it is virtually impossible to produce an exhaustive list in a limited
space.

Proposed organization. This criterion measures the impact a proposed computer
system will have on the user organization and evaluates whether the user organization
should be modified.

The success of a computerized system depends not only on the design and coding
quality but also on the ability of the user to make effective use of the system. The re-
sponsibility of the user in both the areas of implementation and operation of the sys-
tem must initially be made clear.

The evaluation of the proposed organization should consider:
¢ the processes provided by the proposed system; the data flow;
® the groups responsible for producing input data;
¢ the group responsible for storing and maintaining data;
¢ the outputs of the system and the destination of these outputs;
¢ the expected use to be made of these outputs; the storage media for the data;
¢ the mechanisms to gather and transcribe data into machine-readable form;

¢ the number and skills of all operations personnel; the number and skills of all
maintenance personnel;

¢ the controls of the system, including security and quality control;

¢ the expected elapsed time between input and receipt of output-the so-called re-
sponse time;

® any equipment restrictions; any software restrictions; and programming restric-
tions.

10



Life expectancy. This criterion measures the expected lifetime of the proposed com-
puter system. As time progresses, the data and processing volumes for any system
might increase substantially and hence saturate or exceed the system capacity. This
expansion may occur because more data is being processed or more functions are be-
ing performed by the system. It is necessary to estimate a system capacity so that the
life expectancy of the system is sufficiently large to justify the investment.

By estimating life expectancy it becomes possible to decide whether a new system
should be developed, or the old system enhanced, before a crisis. Furthermore, it is
possible to enforce expansion criteria at the beginning of a system and thus hopefully
reduce costs of unexpected expansion.

An evaluation of life expectancy should consider:

¢ the expansion policy of the user entity;
¢ the integration and centralization policies of the user entity;
¢ the expected growth of the data base; the expected growth of service requests;

¢ the expected growth of future additions to the system; the current volume of the
data base; and the current volume of the service requests.

Complexity of the proposed system. This criterion measures the operational difficulty
that may be caused by the complexity of the proposed system. Operational difficulties
with a computer system are usually caused by the design, and their elimination may
induce larger development cost. Since the design at this point is only a first approxi-
mation, some of the operational difficulties will be real, whereas others will be caused
by the naiveté of the system design. Stating the operational difficulties acts as a design
control and is also an indicator of the necessity of amore careful analysis and system
design to be performed during later phases.
An evaluation of complexity should consider:

¢ the processes involved;

¢ the data flow;

¢ the origin and responsibilities for data;

¢ the responsibility for storing and maintaining data;

¢ the data-gathering and data-transcription procedures;

¢ the controls;

¢ the output distribution;

¢ the volume of service requests;

¢ the expected maximum elapsed time between service-request arrival and output
distribution;

¢ the estimated volume of processing per service request;
¢ the number of steps required to handle a service request;

e the ability of the system to handle data that is imprecise, incomplete, and not
current;

¢ the storage media for data; security against accidents;
e security against corruption such as the misuse or willful destruction of data or
programs; and general quality requirements.

Simplicity of solution. This criterion measures whether certain functions, outputs,
and service requests are really necessary. Its main purpose is to verify whether the pro-
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posed design can be justified and whether it contains superfluous requirements or
false expectations. The evaluation of the simplicity of the solution requires the same
items as in the subsection on current-system complexity (in Section 4.1). One should
also include the expected use of outputs and expected users of system output.

Security of the proposed system. This criterion measures the ability of the pro-
posed system to withstand human errors, machine errors, accidents, and corruption. It
is sometimes called “robustness”. Corruption is usually defined as the unauthorized
use of data or programs or unauthorized changes to data or programs where such
changes or uses are deliberate.

Security measures must be part of the system from the initial design stages. Some of
these security measures are non computerized tasks that must operate harmoniously
with the rest of the system. For example, output distribution must be handled in such a
way that output is not delivered to someone who might be considered a security risk.

Evaluation of security measures examines:
¢ the processes involved;
o the data flow;
¢ the controls;
e the responsibilities for input data;
¢ the responsibility for storing and maintaining data;

¢ the ability of processes to accept data that is imprecise, incomplete, or not cur-
rent;

¢ the impact of loss or destruction of data;

¢ the possible advantages that might accrue to an unauthorized user who has ille-
gally obtained data;

¢ the proposed accident prevention measures;

¢ the proposed reconstruction routines;

¢ the expected volumes of stored and maintained data; the storage media for data;
¢ the expected update frequency for data;

¢ the number and skills of operators; and

¢ the number and skills of maintenance programmers.

Benefits of the proposed system. One of the first uses of the development proposal is
to perform an economic analysis of the proposed system. This means that the benefits
that the proposed system will provide to the user entity and to the customer entity also
have to be stated. This criterion measures these benefits. In recording the expected
benefits of the proposed system we obtain a list of the user expectations.

The benefits should be listed without assigning values to them; value judgment
should be performed later during the economic analysis. By delaying the economic
analysis one avoids the problem of juggling figures in order to justify a proposed sys-
tem that is inappropriate.

The benefit evaluation examines:
* the operational difficulties of the present system;
¢ the operational difficulties of the proposed system;
® the security subsystem of the present system;

¢ the security subsystem of the proposed system;
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¢ the number of unsatisfied service requests in the present system;

¢ the expected volume of service requests; the expected growth in service requests;
the estimated changes in personnel;

¢ the dependency of the user on availability of equipment and external people; and

e the list of proposed benefits, showing not only the benefits but also giving brief
descriptions of their importance, without quantifying it.

4.3 The Relationship of the Proposed System to Environment

In this appraisal class the interaction of the proposed system with other systems, either
operating or under development, is evaluated. The appraisal criteria for this class are
singularity, integrability, use by other groups, and global benefits and priority.

Singularity. This criterion determines whether the proposed system is unique or
quite similar to other systems already in use or being planned.

Instead of constructing a new system, it is often more economical to change an ex-
isting system to perform the new functions. Often systems can be developed by chang-
ing or using commercial software packages.

The evaluation of this criterion must examine:
¢ the existence of similar systems within the users” institution;
¢ the existence of a similar system on the software market;
® the estimated effort required to adapt systems that already exist;

e the difficulty of maintaining a system that was not developed in the home instal-
lation;

¢ the satisfaction of user needs with an acquired system; and

¢ the ability to generalize the proposed system to incorporate more users.

Integration of the proposed system with other systems. This criterion measures
whether data can be interchanged among the proposed system and other systems be-
ing developed or in operation.

The current trend is toward overall top-down design of integrated systems [5], but
this is not always possible owing to the very nature of the organization for which the
system will be developed. In such cases it might be necessary to integrate a system bot-
tom-up or “sideways.”

Whenever a total plan is not possible the systems should be designed so that they
may interchange data at some later moment without too much effort devoted to adap-
tation. Of course, operations that are required for integrated systems will still be diffi-
cult to implement if the operations cross system boundaries.

The evaluation requires knowledge about the following:
¢ the existence of a data directory/dictionary [11,12];
* the existence of systems sharing some input data;
¢ the existence of systems with common user subgroups; and

¢ the estimated effort to achieve data commonality for systems sharing some input
or maintained data.

The capability of the system to be used by other users. This criterion attempts to de-
termine the existence of potential user groups that have not yet been recognized. In
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some organizations copies of a system may be used by different user groups, for ex-
ample, in a company with similar branch offices. The needs of each user group may
vary, but it is still possible to develop a single system for all user groups. In a central-
ized development and maintenance facility, costs to develop systems for all user
groups can often be reduced. Such multiple-use systems would include operating sys-
tems, compilers, software tools, and multiple installation systems such as might occur
in branch plants or offices. The logistics of such development and the maintenance of
the various versions of the software are quite difficult and must be known in advance.

The evaluation of this criterion requires knowledge regarding;:
¢ the existence of user groups with similar job goals;

¢ the effort required to adapt or customize the system to each of the user groups;
and

¢ the difficulty of communicating with different user groups.

Global benefits and priorities. This criterion determines the priority of the proposed
system with regard to other systems that are under development or are being consid-
ered for development.

Most organizations have a limited capacity to develop new systems; budgetary and
manpower constraints are usually the limiting factors. Furthermore, in many organiza-
tions there are several projects under development at any one time. Since software pro-
jects require large amounts of time, money, and manpower, a scheduling problem of-
ten arises. The scheduling problem is even more complicated if new development pro-
posals may arrive at unpredictable times.

Evaluation of this criterion examines:
¢ the benefits of the proposed system for the user;
¢ the relative importance of the proposed system for the organization;
¢ the expected benefits for the organization; the impact on other projects;
¢ the efficiency and effectiveness of the present system; and

¢ therisks involved in implementation and operation of the proposed system.

4.4 Operational Feasibility of the Proposed System

This appraisal class determines the ability of the user to operate the proposed system
effectively. Many design alternatives depend on operational restrictions. Such restric-
tions should be explicitly stated; otherwise the resulting system will either not be used,
or will not adequately do the job for which it was designed. The investment in a soft-
ware project is too large to allow such implementation failures.

Many awkward psychological problems, such as resistance to change and willful
misuse, are often the result of a system that harasses rather than assists a user. This
harassing effect is frequently a result of inadequate interface or dialogue design, un-
availability of the computer system when required, or unreasonable restrictions on the
user entity [13].

This appraisal class contains the following criteria: the operational cost, the compu-
tation restrictions, the operational environment, and the operational security.

Operational cost. This criterion measures the cost restrictions that apply to a system
once it becomes operational. The cost of operating a system is related to its complexity,
its processing volume, and its required response times, as well as to other parameters.
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One should not just state an operational cost; rather a budget should be produced for
the operation of the system and the budget should be adjusted to fit the operational
cost limit. Of course, if the budget must be reduced, the capabilities of the system are
usually reduced in a corresponding manner.

The evaluation of this criterion requires knowledge regarding;:

¢ the number and skills of the persons operating and maintaining the system;

¢ the proposed security subsystem;

¢ the proposed data acquisition subsystems;

¢ the proposed data maintenance subsystems;

¢ the volume of stored and maintained data;

* the processing volume;

¢ the response-time restrictions;

e the life expectancy of the proposed system;

¢ the growth expectancy of the proposed system;

¢ the estimated probability of not achieving the goals desired of the system;

e the estimated equipment cost; the estimated manpower cost;

o the estimated maintenance cost; and

¢ other costs, such as those for forms, materials, and rent.
Some cost figures in this list depend upon decisions that should not be made at this
stage. For example, different choices of equipment make an impact on costs in differ-
ent ways. However, one should refrain from choosing equipment at this stage. The to-

tal impact of equipment costs seems to be small (20%-30% [ 14]) in present-day sys-
tems, and so their total effect on these cost figures should not be too significant.

Computation restrictions. This criterion determines the execution-time constraints
and the computational requirements. The structure of both the program and its data
may significantly impact both the execution times and storage requirements, even
though the machine is not yet defined. Restrictions on response time and privacy and
secondary storage requirements can be applied. These restrictions will then direct the
implementation strategies. Obviously, once the equipment is defined these estimated
values must be recomputed.

The evaluation of this criterion requires information about the following;:
e the expected response time from service-request arrival to output distribution;
¢ the number of functions required to serve a request;
¢ the estimated response times per function;
¢ the storage requirements per function;
¢ the estimated storage requirements for the data base by storage media;
e the complexity of the proposed system;

* the processing volume per service request;

e the volume of service requests per time unit;

¢ the functions of the proposed system;

¢ the data flow of the proposed system;

¢ the data acquisition subsystem; the security subsystem;

¢ the data maintenance subsystem; and the estimated equipment cost.
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The operational environment. This criterion evaluates the constraints that are inde-
pendent of the equipment chosen for the proposed system. The operational environ-
ment has an impact on security and user satisfaction. Operators and maintenance
groups may be dissatisfied with the system if it has not been designed appropriately
for their use. Thus an overly complex dialogue between the system and an operator
may have a stultifying effect on the operational and direct user. Similarly, too simple a
dialogue may have a similar effect on the same type of user who has some background
in computing [13, 15].

The operational environment also has an impact on data-acquisition methods since
the choice of method affects both operation and development costs. The environment
must be determined in a preliminary manner when the development proposal is con-
structed; however, the equipment and procedures to be used should not be determined
at that time.

The background and knowledge of the operators and maintenance programmers
can severely influence the style of the documentation and amount of training material
to be produced. For example, the documentation may be terse and allow a certain
amount of creativity, or be verbose and presented in a “cookbook” manner.

Evaluation of this criterion requires knowledge regarding:
¢ the number and skills of the operators;
¢ the number and skills of the maintenance programmers;
¢ the skills of direct users;
¢ the expected number of replacement personnel to be hired in a given time pe-
riod;
¢ the responsibility level of the operative user;
¢ the contact that operative or direct users will make with the other users;
* the security subsystem;
¢ the complexity of the proposed system;
¢ the functions of the proposed system; and
e the data flow.

Operational security. This criterion measures the suitability of the proposed security
subsystem. Data and programs are valuable resources. Their disclosure to others might
cause losses, lawsuits, and other similar consequences. Data or program errors may
also cause losses, and these might even lead to bankruptcy or loss of life. If security
measures are not built into a system from the beginning, their inclusion at a later time
might be quite costly, since it may be necessary to rewrite a major portion of the sys-
tem.

¢ The evaluation of this criterion requires information about these factors;
¢ the dependence of the functions on complete, precise, and current data;
¢ the functions of the proposed system; the data flow;

¢ the importance of the system to the user;

¢ the required privacy and confidentiality of data manipulated by the proposed
system,

¢ the estimated losses when data or programs deteriorate or are destroyed;
* the estimated losses if data or programs are disclosed to unauthorized persons;

e the existence of measures to prevent catastrophes;
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¢ the existence of internal and external auditing functions;
e recovery procedures; and

* emergency operation procedures, such as off-line execution of the system when
the online system is not operating.

4.5 Feasibility of Implementation

This appraisal class evaluates the adequacy of the embryonic development plan for the
proposed system. Such a simplified plan is needed to enable a reasonable estimate of
development costs. This plan, of course, is still only a first approximation and will un-
dergo many subsequent changes. These modifications may affect development cost,
operational cost, and other costs and schedules associated with the proposed system.
Such changes imply that the development cycle should be such that these costs could
be reevaluated at appropriate points in time [5].

The development proposal should be regarded as a contract, and hence an effective
change-control procedure should be applied whenever changes to the proposal are
necessary. This change-control procedure should be flexible; otherwise the develop-
ment proposal may inhibit development or will be disregarded entirely. At the same
time, the change-control procedure should not be so flexible that it could allow too fre-
quent or contradictory changes. Since the development proposal does not expose the
system in detail, it is expected that changes will not occur too frequently.

This appraisal class contains the following evaluation criteria: technical feasibility,
schedule feasibility, manpower feasibility, support feasibility, financial feasibility, de-
velopment security, and additional clauses.

Technical feasibility. This criterion measures the technical difficulty of implement-
ing the proposed computer system. The evaluation requires knowledge regarding:

¢ the function of the proposed system; the data flow;
¢ the security subsystem;

e the expected elapsed time per service request;

* the expected processing volume;

¢ the expected volume of service request;

¢ the number of functions per service request;

¢ the expected response time per function;

¢ the data-acquisition subsystem;

¢ the data-maintenance subsystem;

¢ the volume and storage media of maintained data;
¢ the estimated complexity of the system;

¢ the estimated amount of innovation required in the system; and

¢ the expected professional experience of the people involved in the development.
Certain of the parameters may indicate the existence of real-time constraints. When
the time necessary to perform the service is almost equal to the expected elapsed time,

any operational difficulty can make it impossible to accomplish the service within the
stated time constraints. If such cases exist, emergency measures must be anticipated.

Schedule feasibility. This criterion measures the adequacy of the proposed sched-
ule for the development of the system. The evaluation should consider:
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the phases of the development schedule-names, descriptions, and products;
the estimated duration of each phase;

the estimated technical and administrative manpower required for each phase;
the estimated computational resources for each phase;

the estimated requirements for other resources, such

as special equipment, materials, rentals, and documentation;

the complexity of the proposed system;

the estimated amount of technological innovation required;

the possible difficulties that might arise during each phase-that is, the risk fac-
tors; and

the acceptance for each phase.

Manpower feasibility. This criterion measures the adequacy of the estimated man-
power requirements. The evaluation requires information regarding;

the phases of the proposed development plan;

the functions of the proposed system;

the number and skills of technical manpower required;

the number and skills of clerical manpower required;

the complexity of the proposed system;

the estimated amount of technological innovation required;

the expected professional experience of the manpower required;
the expected professional skill for each phase;

the development security subsystem; and

the operational security subsystem.

Support feasibility. This criterion measures the adequacy of the support that would
be provided during the development of the system. The evaluation should consider:

the phases of the proposed development plan; the complexity of the proposed
system,

the estimated amount of technological innovation;

the expected professional experience of the manpower required;

the estimated computational-support requirements for each phase;

the estimated administrative-support requirements for each phase; and

the other estimated support requirements for each phase.

Financial feasibility. This criterion measures the adequacy of cost proposals and
whether cash flow will be adequate during the development of the proposed system.
The evaluation requires knowledge regarding;:

the phases of the proposed development plan;
the estimated cost of each phase;
the estimated manpower for each phase;

the estimated support requirements for each phase; the estimated duration of
each phase;

the acceptance criteria for each phase; and

18



¢ the payment schedule and its links to the development plan.

Development security. This criterion measures the adequacy of the security surround-
ing the development effort. The operational security might include restrictions on the
development activity. For example, if a disclosure of programs would be a significant
risk to the company, implementation security might require the creation of additional
tools such as programs.

The evaluation of this criterion should consider:
¢ the operational security subsystem;
e the internal and external operational audits;
¢ the development manpower;
¢ the responsibility level of the development manpower;
¢ the disclosure risk for programs and test data;
¢ the expected personnel turnover during development;
¢ the functions that are critical to security;

e the functions that are critical when modified in a transparent manner; (For ex-
ample, does a function behave adequately but contain non specified extensions
that might benefit others?)

¢ the existence of recovery procedures for the development;
¢ the existence of procedures for preventing catastrophe during development; and

¢ the existence of change procedures.

Additional clauses. This criterion measures the necessity of any additional contractual
clause. Such a clause could have a significant impact on a development proposal; for
example, the necessity of a maintenance period in the contract, personnel clearance,
acceptance criteria, site test requirements, manpower selection, and specific penalty
payments if schedules are not observed.

The change control to be used during development of the proposed system should
be instituted at this stage. It should be emphasized that such a change control is a ne-
cessity since otherwise the development proposal may become just another piece of
paper in a filing cabinet.

5 Epilogue

The utility and necessity of the development proposal have been discussed, and an at-
tempt has been made to define its contents and review process. An outline for the con-
tents of this proposal is provided as an Appendix. This outline may be too extensive in
some areas, particularly for the development of small systems. In such a case it should
be adapted appropriately.

The development proposal as stated here is a revision of another guideline [7]. This
earlier development-proposal guideline has been used to define small (less than 1 per-
son-year) application systems. Several minor flaws have been observed and, hopefully,
eliminated in this current version.

This version of the development proposal has been applied to another set of small pro-
jects. The major drawback noted was "excessive" rigor since the cost to produce the
development proposal as stated herein compared to the size of the projects was rela-
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tively high. However, agreement was attained in that a clear understanding of the pro-
ject was gained, and owing to this understanding the following development phases
did not run into trouble. It has not yet been possible to obtain a controlled quantitative
assessment.

Appendix: Development proposal outline

The body of this paper has described the reasons for a development proposal and its
method of construction. This Appendix presents an outline (Table Al) for a sample de-
velopment proposal, giving titles for each chapter of the report and, in most cases, sec-
tion and subsection headings.

This Appendix could be used as a guideline for constructing a development pro-
posal, although the various section and subsection headings would have to be adapted
to the system being proposed. Hopefully most of the headings will be self-explanatory,
but comments are interspersed in the text where appropriate.

The subsection headings are often given in the form of questions. This form is used
to emphasize that the individuals constructing the development proposal must seek
information which to answer the specific queries adequately.

It should be noted that whenever the pronoun “who” is used in this Appendix a
manpower position, rather than a specific individual, is denoted.

Table Al. Outline for Development Proposal
1. Summary
2. Present system

2.1 Tasks
e Tasks performed by the present system
¢ Goals of these tasks
¢ Data flow between tasks
¢ Data required to activate tasks
¢ Volume of input data per task
e Volume of results per task

* Number of operational steps (maximum/minimum) required per task, including
sorting, aggregating, computing, and similar operations

¢ Nature of the present systems (Is the present system centralized, decentralized,
computerized, partially automated or manual?)

¢ The importance of the results produced by the system.

2.2 Service requests
¢  What are the service requests?
¢ Who originates the service requests: a person, an event, or a time dependency?
¢ How are service requests originated?
¢ The frequency of occurrence?
e Tasks that must be performed to provide the required services?

e Expected results per service request?
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Expected and real response time from service-request arrival to output distribu-
tion?

What is the number (volume or frequency) of service requests left unsatisfied
and the major reasons for lack of service?

2.3 Data

Who collects and prepares data?

Who is responsible for the maintenance of data?

What are the storage media for data maintained by the system?

What are the access or retrieval mechanisms and their inherent difficulties?
What is the frequency of occurrence of incorrect, incomplete, or noncurrent data?
How well does a task function using incomplete, imprecise, or noncurrent data?

Description of the forms used by the present system

2.4 Controls

What methods are used to determine whether the input and stored data are cor-
rect and complete?

What methods are used to determine whether the results are complete?

What methods are used to determine the currency of the data? What are the cor-
rection and recovery procedures?

2.5 Security

What are the catastrophe prevention measures?

How confidential are the data manipulated by the system?

What is the degree of privacy for maintained data?

Who has access to the data under different conditions?

What are the existing recovery mechanisms?

What are the possible consequences of unauthorized access?

What are the possible consequences of accidents (fire, equipment failure)?

What are the possible consequences of unauthorized modification to the data?

2.6 User entity

Operative user

Skills and training

Training time

Rate of attrition

Organization

Categories of operative users
Direct user

Skills and training as related to the present system Opportunity to train
Rate of attrition

Examples of categories and uses
Indirect user

Access to the system
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Examples of uses

2.7 Importance of the present system

How important is the present system in achieving the objectives of the user en-
tity?
What losses occur as a consequence of inadequacies in the present system?

How important is the present system in achieving the objectives of the customer
entity?

3. Proposed system

3.1 Functions

Functions (manual or computerized) to be performed by the proposed system
Objectives of these functions

Data flow among functions

Necessary data to activate functions

Estimated volume of input data per function

Estimated volume of results per function

Estimated processing volume per function

Importance of the results to be produced by the proposed system

Nature of the proposed system (centralized, decentralized, on-line, batch, or dis-
tributed)

3.2 Service requests

What are the proposed service requests?
Who originates these service requests?
How are service requests originated?
Frequency of occurrence

When are service requests originated?
Expected results per service request
Expected response time per service request

Controls applying to service requests

3.3 Data

Who will gather and prepare data?

Who will be responsible for maintenance of the data? What are the proposed
storage media?

What is the expected data volume at installation and what is the estimated ca-
pacity?

How well will functions perform with data that are incomplete, imprecise, or not
current?

3.4 Controls

What methods are used to determine whether the input and stored data are cor-
rect and complete?
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What methods are used to determine whether the results are correct and com-
plete?

What methods are used to determine the currency of the data?

What are the proposed correction and recovery procedures?

3.5 Security

What are the proposed measures for prevention of a catastrophe or accident?
How confidential are the data to be manipulated by the proposed system?
What is the degree of privacy for the maintained data?

Who can read or modify the data?

What are the planned recovery mechanisms?

What are the possible consequences of losses?

What are the expected reasons (benefits, vengeance) of unauthorized access?

Emergency operation procedures.

3.6 User entity

Operative user

Expected skills and training
Expected time to train
Expected rate of attrition
Proposed organization
Examples of categories

Direct user

Expected skills and training in the use of the proposed system
Opportunity to train
Expected rate of attrition
Example of categories
Indirect user

Proposed access to the system

Examples of uses

3.7 Expectations

Date of initial operation

Minimal cost to develop

Minimal cost to operate over a period of time
Definite equipment requirements

Expected data growth

Expected growth of functions

What are the dependencies to be tolerated (portability, languages, operating sys-
tems)?

Benefits of the proposed system-statement and justification.

4. Relation of proposed system to environment
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4.1 Uniqueness of proposed system

e A brief overview of existing similar systems, and/or proposed alternative sys-
tems, within the installation and on the market

¢ The effort required to adapt existing systems to fulfill user needs

¢ The expected difficulty of maintaining an adapted system The expected user sat-
isfaction using an adapted system The potential additional users of the proposed
system

4.2 Integration of proposed system
® Does a data directory/dictionary system exist?

® A brief overview of other systems that might or will share data A brief overview
of other systems that might share direct or indirect users

¢ The expected effort to achieve data commonality for systems sharing data

4.3 User expansion
¢ The existence of user groups with similar job goals

¢ The effort required to encompass these additional user groups The difficulty of
communicating with user groups

4.4 Global benefits and priorities
¢ The relative importance of the proposed system for the organization
¢ The expected benefits for the organization-description and justification

¢ The impact of the development of the proposed system on other ongoing devel-
opment efforts

¢ Therisks involved in implementation and operation of the proposed system
5. Feasibility of implementation-proposed system

5.1 Implementation risk
¢ An estimate of the amount of innovation required in the system
e The existence (or lack) of development tools and aids

¢ The professional experience of the available manpower, with specific reference to
the proposed system

5.2 Development process
¢ The proposed development phases
¢ The proposed results for each phase
¢ The proposed main milestones
¢ The proposed acceptance criteria for each result and each phase

¢ The proposed method to control modifications

5.3 Preliminary schedules
¢ Schedule for phases
¢ Manpower schedule-types of manpower should be shown
¢ Computational resources schedule
®  Support schedule-types of support should be shown Budget

o  Product schedule
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5.4 Development security

Catastrophe and accident prevention and recovery during development
Disclosure risk for programs and test data

Functions that must be secure

Expected manpower turnover during development

External and internal audits during development

Expected degree of responsibility of manpower

5.5 Additional clauses

Additional clauses, should be listed here and a brief justification of their neces-
sity and importance be given.
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