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CHAPTER I

INTRODUCTION

Background

The first electronic digital computer was built under
the direction of Harvard professor Howard Aiken, working with
IBM engineers. It was completed in 1944 and utilized elec-
tromagnetic relays along with mechanical counters to auto-
matically execute arithmetic and logic operations. The only
human intervention requiréd was the initial wiring for the
job to be accomplished and starting the machine.

Due to the demands of World War II, the United States
Army funded the development of ENIAC (Electronic Numerical
Integrator and Calculator). The primary reason for this com-
puter was to compute and compile ballistics tables,
therefore, it did not have general purpose capabilities.

This marked the entry of the Department of Defense (DOD)
into the computer field.

In 1946, a mathematician named John Von Newmann, in
collaboration with two others, suggested that instructions
for computers, as well as data, could be stored internally.
This could be accomplished through the use of a binary num-
bering system. The concept of internally stored computer
instructions was incorporated into the EDVAC (Electronic
Discreet Variable Automatic Computer). EDVAC was completed

1
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in 1952 and was the beginning of software as it is known
today.

The development of semiconductors and integrated
circuits in the 1960s started the movement of the computer
industry toward small minicomputers. Also, in the early
1970s the development of micro-processor chips further
reduced the physical size of computers while increasing the
computational power and the ability to store and process
information. These developments have brought about the use
of computers in such things as the ignition systems of auto-
mobiles and opened up the new field of embedded computersl
(2:60~-67) .

Just as computers are varied in ability and applica-
tion, there are many types of computer languages, each with
its own merits and particular application advantages. Also,
there are varying design techniques available to the pro-
grammer which may enhance the usefulness of software2 once
it has been developed. All of these factors complicate the

management of software acquisition and development.

lAn embedded computer is defined as a computer which

operates within, and as part of, a large piece of equipment
or hardware system.

2For the purposes of this thesis, software is

defined as the programs and/or instructions to the hardware
which are not "hardwired"” into the system and can be
changed through non-hardware modifications.
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There are at least 450 general-purpose programming
languages and dialects used in DOD computer applications.
Each is incompatible with the others, and none are widely
used (9:26). The only possible exceptions are COBOL and
FORTRAN, because there is a standard for each language.
However, the standard form is seldom used. Since so many
of these languages are incompatible, transfer of informa-
tion becomes a problem and complicates the management of a
total system which may contain several computers and
program languages.

Today, computers are used to store, process, and
calculate information in everything from simple children's
toys to very sophisticated missile guidance systems. The
past twenty-five years has seen the advent of "striking
increases in computing speed, memory capacity, and hardware
reliability, with simultaneous decreases in power consump-
tion and hardware cost [9:24])." Concurrently, increased
demands for sophisticated and specialized software have
facilitated a dramatic increase in the proportion of total
computer system costs attributable to software. As shown
in Figure 1, software comprised less than 20 percent of
total system costs in 1955; today over 80 percent of com-
puter system costs are for software.

The DOD has experienced numerous problems during the

development and acquisition of software. Many studies, by
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government researchers and consultants, have been con-
ducted to explore and recommend solutions to the identified
problems. One of the most frequently recognized problem
areas is the lack of control3 of software development by the
system program office (SPO) during the acquisition process.
The lack of control is a consequence of deficiencies in cur-
rent software acquisition regulations and the prevailing
attitude cf managers concerning the nature of software
(10:2-4).

A host of directives exist that apply, in one way or
another, to the development and acquisition of computers and
software. Figure 2 depicts the major software acquisition
directives; the points of the arrows indicate their range of
application within the acquisition process. As indicated,
some of the directives are pertinent throughout the acqui-
sition process whiie others apply over portions of the
process. Little functional guidance is given as to managing
software acquisitions, and software control is not specif-
ically addressed (1l1).

in the past, system program managers have tended to
treat software as data. In addition, they allowed software

acquisition to be buried in major system acquisitions.

3Control is defined as the ability to influence and
manage a process in order to meet milestones, cost targets,
and other requirements.
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Those practices led to a lack of visibility during the
development stage of the acquisition process (10:2) and
were contributory to cost overruns and degraded system per-
formance. Due to recent comments by General Alton Slay,
Commander of the Air Force Systems Command, displaying an
interest in the management methods and policies of private
industry, it was determined that a study of a major civilian
company would be beneficial (14). 1In an attempt to keep
the government regqulations and procedures from influencing
the management and control processes, a non-defense related
company was selected. Therefore, the thrust of this thesis
will be to identify and examine how a major civilian user
of software deals with factors impacting upon the software

control problem.

Problem Statement

Software within systems required by the Air Force is
critical since the systems cannot function properly without
it. However, management control of software in the acqui-~
sition and development process is not adequate, resulting in
frequent cost overruns, schedule slippages, inadequate per-
formance, and an inability to use the system as originally
envisioned. It is the intent of this research to study the
acquisition and development of software in private industry.

From this study, techniques may be discovered which could
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enhance the Air Force's ability to control the acquisition

and development of software.

Literature Review

In order to gain a more comprehensive understanding
of factors bearing on the problem and characteristics
involved in the control of software acquisition and develop-
ment, a literature review was conducted. This review was
necessary for two basic reasons: (1) to fully understand the
scope of the problem in order to evaluate the main areas of
research, and (2) to determine that research in these areas
would not be duplicated by this research effort.

The literature identified a number of factors
contributing to the poor control of software. The most
fundamental problems stem from a lack of appreciation of the

uniqueness of software and its importance to the total com-

puter system. Regulations which govern the acguisition
process of software do not adequately consider its unique

nature. While there exists a large number of Air Force

regulations dealing with software acquisition, they appear ) F
to be modifications of hardware and item type related N
requlations. Since the wording and language used in the

regulations address equipment, this indicates a lack of i
management attention towards software (5:10).

Alan J. Driscoll cited three methods of improving

control of software development:




Get the user involved early. Require an early
statement of user requirements and meaningful partici-
pation in design reviews.

Insist on full incorporation of software into the
system requirement analysis process. Software must be
engineered as an integral part of the weapon system.

Place software at a high level in the WBS and
remove it from the category of "data" [6:25],

Winston W. Royce also emphasizes the need for user involve-
ment. He states: ". . . The user of the software must be
capable of injecting his expertise into the software
product . . . [13:1-217."

Getting the user involved in the development process
enhances the definition of requirements, specifications,
and minimizes errors in estimates of resource requirements,
productivity, and reliability. Communication is believed
to be an essential ingredient in the assurance of software
quality, and should be maintained to the highest degree
possible (12).

Another factor cited as contributory towards
inability to control costs and performance is the lack of
measurable milestones. Software is currently managed under
a system of phases coupled with reviews. However, review
criteria are often not formally stated and the reviews tend
to become "quite variable and subjective [12:34]." Cost
control during software development would be greatly
enhanced by having the ability to detect deviations or

problems as early as possible. A study on software cost

estimation methods for Electronic Systems Division stated:




". . . an orderly development process with measurable mile-
stones [7:10]" is essential for effective software control.

A frequently encountered flaw in software control
during development was the lack of integration of hardware
and software. Hardware and software were designed or
changed without giving proper attention to the other com-
ponent. This often resulted in costly and inefficient
operating systems. The need for close integration of soft-
ware and hardware is paramount (6).

The lack of consideration for the unigueness of
software during systems development is illustrated by plac-
ing it at a low level in the Work Breakdown Structure4
This has caused a lack of visibility, and therefore, very
little management attention to be given to the development
of software. Also, this has contributed to cost overruns
and system degradation.

In summary, the most significant factors cited in
the literature which contribute to poor software control in

DOD are:

4The Work Breakdown Stiucture (WBS) is a con-
tractualy mandated arrangement by which a system acquisition
is factored into subsystems and subcomponents of scheduled
work packages or major tasks. The purpose of WBS is to
define tasks for ease of measurement and evaluation of a
contractor by the government.

10




1. Lack of effective or qualitative user
involvement.

2. Lack of measurable or quantitative milestones.

3. Lack of consideration of hardware and software
integration.

4. Lack of software visibility during systems
development.

Although other factors bearing on the software con-
trol problem were identified in the literature, they were

basically related to the four previously stated.

Scope and Objectives

There is no substantial production phase in software.

Once software has been developed, tested, and determined to
be adequate, it takes only a matter of minutes to copy and
verify the copy of the software which has been developed.
With today's technology there is no problem in copying soft-
ware from one disk to another or from one tape to another.
If necessary, cards or even listings may be used to trans-
fer software from one system to another system. Even the
maintenance of existing software could be looked at as the
development of a new "part” of the program which can be
"fit" into the existing one. Therefore, the primary

area of control needs to be in the development portion of

the life-cycle of software.

11




Since there are requirements that contractors fit

their organization to the Work Breakdown Structure, they

are almost forced to follow the same management control
procedures as the government. To control out government
procedures, policies, and regulations it was decided that a
non-defense related corporation shcoculd be compared to the
Air Force in the management and control area of software
development and acquisition. Since NCR Corporation is the
second largest corporation in the computer and data process-
ing industry (15:1111), and since they purchase, as well as
develop, the software which they sell, NCR Corporation was
picked as a non-defense related company from which the aAfr
Force may possibly learn. Their geographic nearness tc¢ the
Air Force Institute of Technology and willingness to p#rtic-
ipate in the study were important considerations in light of
practical cost and time constraints placed on the research
effort. .

A descriptive study appeared to be the most appro-
priate and productive approach to research. Essent®ally,
because the research will not test hypotheses but will focus
upon detailing or describing aspects of NCR Corporation's
software control system, the vehicle for research will be
the research question. Through knowledge about the Air
Force's management techniques gained from the literature
review, a comparison can be made. Policies and management
techniques used by NCR will be evaluated to determine 1if

12




any benefits to the Air Force could be obtained by the
utilization of these management techniques. Also, recom-
mendations and areas of further research will be i

identified.

In an attempt to limit and control the scope, four
major elements were determined to be the most critical,
and this research will be restricted to these elements.
First, the appreciation of NCR for the unigue nature of

software will be determined through the amount of visi-

bility maintained. The amount of visibility will be evalu-
ated by determining whether or not software development is 0
controlled separately from hardware, but with an egual
level of importance. Second, the amount of user involve-
ment will be evaluated. Therefore, whether or not the user
is part of the development effort throughout the process f
will be determined. Third, it is believed that hardware and ;
software integration should be controlled. For this reason,
the amount of software control, and how it relates to the
integration between hardware and software will be evaluated. i
Fourth, since management requires identification of problem
areas and progress measurement, the existence and use of
milestones or deadlines must be considered.

From this, five research questions were developed. 1
This research effort will answer those gquestions as they

pertain to NCR. The questions are as follows:

13




1. Does NCR control software development and/or
acquisition as a separate element?

2. Does NCR involve users throughout the develop-
ment and/or acquisition process?

3. Does NCR closely integrate the acquisition and/
or development of software with hardware?

4. Does NCR use milestones in the development and/
or acquisition process, and if so, how?

5. What effect do the policies identified by the
questions above have on the performance, cost, and schedule
of software development at NCR?

The fifth question was added in order to judge the
degree of influence the answers to the first four questions

have on the success of a software development effort.

Justification of Research

Software is finding its way into the critical path
of many more defense systems. Performance critical
software can be found in all extremes--from the large
World-Wide Military Command and Control System (WWMCCS)
and Trident Fleet Missile (FBM) down to miniaturized
flight control packages for missiles and aircraft
[4:310].

The DOD is cuirently spending in excess of $3 billion per
year on software for embedded defense computer systems
(4:309). Therefore, software césts will continue to be, as
previously noted, a significant factor in computer system

costs. It is imperative, because of the cost factor, that

14




software acquisition policies be employed which will insure
software quality and conservation of public funds. However,
existing policies have been lacking, resulting in

". . . large cost overruns, schedule slippages, inadequate
performance, and an inability to use the system as orig-
inally envisioned [3:1]."

One aspect of the software acquisition process
identified as problematic is the lack of established
policies to control software during the development phase.
If the problem of inadequate control of software during the
development phdse is to be rectified, a pertinent and use-
able set of management policies must be established. An
exploration into the software development control policies
of private industry may provide insight léading to the
establishment of pertinent and useable software control

policies by the Air Force.

15




CHAPTER II
RESEARCH METHODOLOGY

Overview

In the first chapter a problem was identified:
management control of software by the Air Force during the
development phase of the acquisition process is inadequate.
An investigation of the literature indicated that the con-
trol of software was deficient primarily because software
was not considered as a separate element during system
acquisition, user involvement during development was not
adequate, software and hardware integration was generally
poor, and a specified system of measurable milestones for
software acquisitions did not exist. It was decided that
this work would examine how a major non-DOD affiliated
corporation controls software, using the previously identi-
fied causes of poor software control in the Air Force as
a guide. Five research questions were developed to ascer-
tain how NCR, the selected test corporation, deals with
control of software, and what impact the policies identified
have on the quality of the product in terms of performance,
cost and schedule. Those five questions were:

1. Does NCR control software development and/or

acquisition as a separate element?
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2. Does NCR involve users throughout the develop-
ment and/or acquisition process?

3. Does NCR closely integrate the acquisition and/
or development of software with hardware?

4. Does NCR use milestones in the development and/
or acquisition process, and if so, how?

5. What effect do the policies identified by the
questions above have on the performance, cost, and schedule

of software at NCR?

Instrument Selection

A hoét of factors impacted upon the choice of
research method and design. However, the answers to the
newspaperman's questions of "who, what, when, where, why"
provided basic but excellent guidance to the "how" or
research design. Based on preliminary discussions with NCR,
the questions and answers were formulated as follows:_

Q. Who has the needed data?

A. Managers at NCR involved in software development
and acquisition.

Q. What types of data will be needed?

A. Much of the data will be qualitative (opinions,
management techniques, policies): some may be guantitative

(cost, figures, performance data).
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Q. Where are the respondents located?

A. Respondents are proximally located and easily
accessible to the researchers.

Q. When may the respondents be reached?
A. Times must be scheduled by mutual agreement.
Q. Why was NCR chosen?
A. NCR is a major user and supplier of software and
has expressed an enthusiastic willingness to participate in
a study of software control. In addition, since both NCR
and the Air Force organically develop and contract for the
development of software, similar management problems are
expected to be encountered. After considering the intent of
the thesis, the level and nature of data desired, and the
attitude and availability of NCR, a personal interview
format (the how) was decided upon. Emory (8:Ch.10) attrib-
uted the ability to probe, control, elaborate and adjust as
prime benefits of a personal interview. Herver, he also
cautioned that care must be taken to prevent interviewer
actions from biasing responses.

In order to reduce impact o% interviewer bias and
to minimize the effects of the inexperience of the inter-
viewers, a carefully constructed set of interview questions
was developed. The series of gquestions, used as an inter-

view guide, was constructed with the awareness that sequenc-

ing, wording, sensitivities of the respondent, and content
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of questions are as important as a conducive interview
environment and an unbiased guestion delivery. The ques-
tionnaire was designed to present simple demographic "ice
breaker" questions, then gradually proceed to more complex
questions. Questions which are associated or logically
related were grouped together to provide as much continuity
as possible. With the rationale behind the choice of method
and design established, an examination of what data were
needed prompted the development of the interview gquestions.
Due to the flexibility and control the interview method
offers, and since it allows follow-up questions in the event
an answer to any given guestion is inadequate, other

methods, such as a telephone or mail survey, were regarded

as inadequate.

Interview Question Development

In order to organize and structure the interviews,
a set of interview questions was developed. The basic
research questions were evaluated as to where they fit in a
general acquisition process and factors impacting the ques-
tions were identified with respect to that phase of the
process. Then, the interview questions were designed
around these factors. In some cases, it was found that a
single factor could have a relationship, or bearing on
more than one question. For example, the use of milestones

could be an indication of high software visibility, and
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provide information about the level of hardware and software

integration.

Separate Control of Software Development

Software should be treated with a high degree of
individual attention and consideration because of its unique
nature. So, by no means should it be treated as merely
data. As previously mentioned, separate controls over the
software and hardware development processes should provide
the required amount of visibility, and therefore, enhance
the end product. For this reason, whether or not NCR has
separate control over the software development will be

determined.

User Involvement

Indications of potential users' involvement are
many. The first involvement would normally come during the
requirements determination phase. While it is logical that
potential users of a product would be allowed input during
the requirements determination phase of product development,
the amount of input and the extent of involvement could have
a large bearing on the cost, useability, and success of the
product in question. Therefore, the degree to which poten-
tial users are involved in the review process of software

development is also an area which must be considered.
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Integration of Hardware and Software
Development and Acquisition

Software and hardware must work together. A com-
puter, by itself, is only a piece of machinery and wiring.
It is its ability to accept software and do a multitude of
different types of jobs that make the computer such a
powerful tool. Since each computer must be able to read,
interpret, and understand the software which is fed into it,
the software type and design is dependent upon the hardware
in which it must function. On the other hand, the computer
can only accomplish what it has been instructed to do by
the software given to.it. Therefore, the amount of inte-
gration between software and hardware during the development

phase of a new product is important.

Use of Milestones

Milestones can be an effective tool to compare
actual performance against the expected performance. This
is illustrated by the wide use of milestones in the acqui-
sition process, the contracting process, planning, training,
and many other areas. If milestones are used by NCR during
the development of software, the extent of their usage must
be determined. :The point at which milestones are set in
the development process, whether or not cost estimates are
matched with the milestones, how milestones are used to

evaluate performance of the software developers, and how
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the milestones and performance evaluations are utilized in

the progress reviews were all questioned.

The Instrument

An extensive list of gquestions was developed with
consideration given to each of the factors mentioned above.
The questions were then grouped together by basic area of
concern. During the grouping process, duplicate gquestions
were eliminated. After further analysis, five major cate-
gories and points of particular interest in each category
were identified. The gquestions were then reviewed and
updated to reflect this categorization. This made up the
basic framework of the interview guestions. Routine ques-
tions such as name, position, and experience were then
added. What follows are the interview gquestions which will
be used as a guide to conduct the interviews with NCR
management personnel.

1. Name.

2. Position in NCR.

3. How many years experience with NCR?

4. How many years experience in your field?

5. How are product requirements determined?

a. What decisions are made whether or not to
meet the requirements?

b. What type of justification is required?
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c. Are potential users consulted during this
process?

How are cost estimates made for product

development?

a. How are these estimates updated?

b. At what point in the process do you consider
cost estimates?

c. Are user inputs considered?

What type of general standards are used to

determine performance levels of product develop-

ment within the. company?

a. How are they determined for development
outside the company?

b. What type of reviews are made?

c. What type of financial controls are
utilized?
(1) How are they updated?
(2) How effective is this process?

d. Are milestones used in the development
process?
(1) Are they formal or informal?
{2) How are the milestones updated?

(3) How effective is this process?
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8. What type of review process is used during

development?
a. At what organizational levels are they
conducted?
b. How often are they conducted?
c. Are potential users involved in the review?
d. What financial considerations are made in
this review process?
e. How are decisions made to continue or dis-
continue development?
9. How are software and hardware trade-offs
determined?
a. At what organizational level are they made?
b. Where, in the development process, are
they made?
c. What factors are considered?
10. Is there anything you would like to add?

11. Are there any questions I can answer for you?

The Subjects

The final aspect of the research methodology was the
selection of subjects. Prior to selecting subjects, how-
ever, it was necessary to understand the organizational
structure of NCR and the function of software and software
related departments. It was imperative that the researchers

have this information to intelligently determine which
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Gepartments held the answers to the research guestions. Aan
overview of NCR's organizational structure, and information
on where best to seek answers to the research questions was
provided during a day-long preliminary interview with a
senior software manager. The departments of interest were
selected by the researchers subsequent to the preliminary
interview. The preliminary interview also provided an
opportunity to test and validate the interview questions.
During the course of the interview, each of the research
questions was addressed to get both a greater understand-
ing of NCR's organizational structure and an idea of the
usefulness of the interview guide. The researchers were
very satisfied that the instrument was indeed valid and use-
ful; the responses to the questions provided the type of
information needed to answer the research guestions.

The departments selected ranged from the lowest
functional level of software management tc very high policy
making echelons of software management. In order not to
reveal potentially company classified information, specific
organizational departments will not be discussed. The
researchers wanted a spectrum of management levels to better
understand the extent and perceive usefulness of NCR's soft-
ware control policies. The actual subjects were selected
with the advice of the aforementioned senior software

manager. It was he who arranged the schedule of interviews
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and acted as a liaison between the researchers and the
subjects. The subjects, seven in all, ranged in computer
experience from eleven to twenty-three years, and were

employed with NCR between two and twenty-four years.
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CHAPTER III
ANALYSIS AND FINDINGS

Overview

In this chapter, several items will be discussed.
First, some comments about the research opportunity will be
made. Second, the method used to analyze the responses
obtained during the interviews will be outlined. Third, a
brief description of the control system utilized will be
presented. Fourth, responses to each of éhe research ques-
tions will be discussed. Fifth, some of the perceived
benefits of NCR's control method will be mentioned. Since
the control procedure employed by NCR is company classified,

the details of their system will not be mentioned.

Comments

The procedure used at NCR to control software
development was relatively new, not much more than one year
old. Even though the procedure is updated, modified, and
improved with time, it provided an excellent opportunity
for research at this time. The managers at NCR had
time to use the new procedure, and the first revision had
just been published when this research effort was con-

ducted. Also, managers interviewed were able to make
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comparisons between the 0ld and new procedures since they
had used each.

Seven managers at NCR were interviewed. The level
of management responsibility of the individuals interviewed
ranged from immediately below vice-presidential through
first-line supervisors and management staff personnel.
Also, the respondents represented quality assurance,
production management, software development, and corporate
software management areas.

It is these areas which are involved in the control
of development, development, and quality of the software

at NCR.

Analysis

During the interviews, separate notes were taken
by each author. This was done for two reasons. First,
since both individuals took notes, the chance that infor-
mation would be missed was decreased. Second, this tech-
nique provided a control mechanism against personal bias
by the individual taking the notes. After the interviews
had been conducted, the notes were compared. Through this
process of comparison, an attempt was made to minimize
bias.

After the comparison of the notes had been completed,
an analysis of the system used to control software was done.

The authors had been briefed by NCR on the new procedure
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which is used to control software development. Therefore,
each orf the responses received during the interviews could
be evaluated with respect to their procedure. This evalua-
tion was done not only with respect to the control procedure
employed by NCR, but also with respect to the five research
questions. The responses from each of the managers indi-
cated that they all operated in agreement with NCR's control
procedure. Also, with respect to the research questions,
responses from each of the managers interviewed were in
agreement with each other. The authors realize that there
is seldom this much agreement among individuals. However,
since the purpose of this research effort was to discover
and evaluate the systems and procedures employed by NCR,
this agreement strengthens the fact that a "standard" method
of control is used. Further, since the underlying subject
of the interview questions was the control procedures, a
high degree of correlation among the managers is not

surprising.

The Control Process

Prior to the implementation of the new software con-
trol procedure, NCR had used a method of control which was
patterned after a hardware development control system. The
managers at NCR's headquarters determined that this type of
control procedure did not work. Therefore, another method

of controlling software development had to be found. The
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new method which was implemented is a modification of
Philip Metzger's which is described in his text, Managing

a Programming Project (12). The authors found this fact

interesting since, as stated in Chapter I, the Air Force's
regulations seem to be adaptations of hardware control
procedure, and the Air Force is currently having diffi-
culty controlling their software acquisitions.

Since the details of the procedure used at NCR is
company classified, they will not be discussed here. How-
ever, a brief description will be given as it relates to
Mr. Metzger's method. This method of centrol is illustrated
in Figure 3.

A great deal of attention is given to each software
development project during the definition and design phases.
As illustrated in the figure, it is at this time that the
specifications which the software must meet are defined.
Also, the method of design and the testing procedures are
specified.

During the planning activity, milestone dates and
cost targets are set. As the project progresses through the
cycle, the milestones and cost targets are monitored by
management to identify problem areas as early as possible.
Through early identification of problem areas, corrective
action can be taken in order to meet the schedules. Also,

a project may be broken down into modules which may or may

not be developed separately from one another. This, too, is
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done during the planning activity. Teams or committees of
people representing the quality, software development, hard-
ware development, and production management areas are
utilized to insure that reasonable decisions are made during
these phases. It is these first two phases that lay the
foundation of the software development project. If a good
job is not done at this point, it is extremely difficult to
control the development project.

The next major portion of a software development
project is the programming phase. It is in this phase that
the detailed designing is done and the actual programming
takes place. Depending upon the size of the .development
project, it may be several days or several months after the
start of a project before this phase has been reached and
any programming is actually done. Each module is programmed,
documented, and tested during this phase. Also, the inte-
gration of modules with each other and the hardware is
tested. Finally, preparation for testing the system under
development as an entity is accomplished.

The system test and acceptance phases are the last
major phases of a software development project. The instal-
lation and operation phase consist of using the software
which has been developed and therefore, is not a significant
part of the development effort. It is during the system

test and acceptance phases that the system is tested as a
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whole, customer training is accomplished if needed, and the
final documentation is completed.

This brief discussion of the control process
suggested by Mr. Metzger was presented so the reader may
more fully understand the responses to the research ques-
tions. Also, it was Mr. Metzger's text that provided the
foundation of NCR's control procedures. In the next sec-
tions, each of the research gquestions and responses will

be discussed.

Research Question #1

Does NCR control software development and/or
acquisition as a separate element?

Software development and acguisition are controlled
as separate items. The new procedure mentioned earlier was
implemented for the purpose of controlling software develop-
ment only. Separately monitored milestones are set for each
software development project. Also, cost targets and esti-
mates for software development are maintained, and these
targets and estimates are monitored as separate elements.
This procedure gives the software a high level of visibility
within the management at NCR. Since the separation of con-
trol is maintained at all levels of the software develop-
ment, each manager is able to monitor his progress.

One of the first steps in the control process is

the writing of a functional specification. This
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specification then becomes the basis for all actions con-
cerning the project for which it was written. During the
writing of the specification, decisions are made about
developing a certain piece of software or buying it from
another source. Milestones are set and cost estimates are
also outlined in the specification. Also, the specification
provides the foundation from which the quality tests are
developed. Each piece of software is tested by quality
assurance personnel regardless of whether it was developed
by NCR or purchased from another software developer.

Once a project has been started, the changes pro-
posed are also controlled separately by a change control
board which consists of people from the gquality, product
management, software development, and hardware development
areas. The changes may come from customers, developers, or
any one of many other places. The change control board
reviews all proposed chaﬂges and makes decisions concerning
whether or not they should be implemented on a basis of cost
and system requirements. If a change to the project is
implemented, the board insures that the proper adjustments
are made to the scheduled milestones and the budget fore-
cast of the project.

Modular design and development policies aid the
control of software development. The complexity of each
module is evaluated by the managers of the project. If it

is determined to be too complex, the module is then broken
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down into smaller modules or the plans for quality testing
are enhanced to insure the module works properly. This
policy also makes it easier to implement changes. Modules
affected by proposed changes are identified by the change
control board in conjunction with the developers and the
milestone schedules and cost estimates can be modified to
examine the impact of a change on the overall project.
Also, minor milestones are set within the major milestones

outlined in the functional specification.

Research Question #2

Does NCR involve users throughout the development
and/or acquisition process?

~Users of software sold by NCR are not involved

throughou® the process of development or acquisition. Since

customq;_request is one source of new requirements, when
a customer requested project 1is selected by production
managenent, the customer is involved in writing the func-
tional specification. This is accomplished by NCR's mar-
keting personnel who work with the customer to insure the
functional specification includes the elements which they
wish to purchase. Managers at NCR have found that by not
allowing the user to be involved after the specification

has been written, more management control can be exercised

over the development effort. Customers and future users are

allowed to submit changes. However, the changes submitted
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py them must go through the change control board for review.
This allows the managers of the project to control and
coordinate any needed changes.

There are exceptions to this procedure however. 1In
special cases, NCR developers will work with customers.

When this is done, special contractual arrangements must be
made between NCR and the customer. The special arrangements
are negotiated on a case by case basis. This action is
required since the more the user is involved, the less
management control NCR perceives it has.

Some specific projects may also become an exception
due to unique quality test requirements. If quality tests
on a particular system are determined by quality assurance
managers to be too expensive, then customer test sites are
used. In this case, a few customers are selected to use the
new product and report the problems encountered. In these
cases, users are involved not only with the functional
specification, but also during the testing phase.

In every case, after a new product is released,
within ninety days to one year after delivery, customers
are served by quality assurance personnel. Depending upon
the situation, personal interviews, mail, and telephone
survey techniques are employed. The results of these sur-
veys are then used by NCR to determine new regquirements,
areas which need improvements, and areas which contain

errors which must be corrected.
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Managers at NCR feel that keeping the user from

becoming too deeply involved in the development process has
improved their products. 1In support of this, the NCR
managers pointed out that most of their large customers
preferred to work within NCR's standard procedure and allow

NCR to have control of the development effort.

Research Question #3

Does NCR closely integrate the acquisition and/or
development of software with hardware?

The managers at NCR are very careful to integrate
software with hardware. The integration is considered while
the functional specification is being written and also when
quality tests are designed, to insure compatability through-
out the system under development. Decisions concerning
trade-offs between hardware and software are made at the
corporate level and incorporated in the functional specifi-
cation. Also, the functional specification identifies which
adjustment or organization will be responsible for each
element of the project. In addition, the functional speci-
fication identifies a focal point for the project to
coordinate each of the separate development efforts.

NCR also makes use of matrix committees and teams
made up of people from quality, software, hardware, and
other areas. To further aid the integration process,

specific attention is paid to the documentation by the

37




people assigned to the committees and teams. Also, due to
this procedure, current knowledge in each area is possessed
by the teams and committees.

A great deal of emphasis is placed on the quality
test of the interfaces. After a module has been tested by
itself, it is then tested to insure proper integration with
the hardware. Also, integration of modules with each other
is tested by the guality assurance organization. And
finally, the hardware and all levels of software are tested
together to insure the system is complete and will function

properly.

Research Question #4

Does NCR use milestones in the development and/or
acquisition process, and if so, how?

NCR does use milestones in the development and
acquisition of software. Milestones are key elements in
the NCR control process. The major milestones are estab-
lished in the functional specification. Personnel from
guality assurance, production management, and other organiza-
tions all work together to set reasonable milestones which
can be monitored. Also, cost estimates and targets are set
in the functional specification. The functional specifica-
tion, when completed, becomes a contract between production
management and the software developers. If software is

purchased outside NCR, the same process is used and the
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functional specification is then given to the contractor.
Also, dollar limits are set for the purchase of software.
If the first limit is exceeded, then the purchase must be
reviewed and approved by upper level managers. If the next
limit is exceeded, the review and approval is required at
the highest level of corporate management.

After the major milestones are given to software
development personnel, they are broken down into minor
milestones by the developers to insure that the major mile-
stones will be met. Also, if problems do develop, they can
be identified and corrected early by monitoring the smaller,
more detailed milestones. In addition to breaking down the
milestones, Program Evaluation Review Technique (PERT) and
Gantt charts are used as an aid to monitor progress with
respect to the schedule.

Formal reviews are conducted monthly. Informal
reviews are conducted semimonthly or weekly, depending on

whether or not the manager involved wants the review. Also,

design reviews are conducted when needed. It is during the

design reviews that decisions are made concerning whether

or not to discontinue a project. When a change has been
approved by the change control board, these reviews are used
to update the milestones and cost estimates. By conducting
the reviews and using the milestones, managers at NCR are

aware of the progress being made on each project.
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Research Question #5

What effect do the policies identified by the gques-
tions above have on the performance, cost, and schedule of
software at NCR?

Each of the managers interviewed at NCR feel there
has been an improvement since the implementation of their
new control procedure. The new procedure has provided
more structure to their controls. It has also improved
the quality of the functional specifications in their _
opinion. By providing more structure, the new procedure
keeps people from the various organizations working
together. Another benefit the managers identified was the
ability to measure progress better than before. 2Also, the
current procedure forces the schedule to be met.

A lot of attention is given to the planning of a
project. When the milestones and the cost estimates are
being made, production management personnel review them to
insure they are realistic. Milestones should not be set
too close or too far away and cost estimates should not be

too low or too high. Under the new procedure, managers are

able to meet the milestones and cost targets which have
been set. However, since production management reviews the
milestones and cost targets, it is not believed that the
improvement is due to lengthening milestones and raising
cost targets. The new procedure must have made a signifi- )

cant contribution to the improvement.
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Benefits in the guality assurance area were also
discussed in the interviews. The primary quality measure-
ment discussed was the number of errors found per line of
code in the computer program. This indicator is constantly
monitored and tracked by the quality assurance organization
at NCR and provides a gquantitative measurement of the quality
of software released. The managers interviewed perceive an
improvement in the quality of software purchased from vendors
outside NCR. Since software purchased outside must go
through the same quality test as software developed by NCR,
it is believed that the new procedure has had some impact
upon this improvement. Also, some managers felt that a
downward trend was developing in the number of errors per
line. However, managers also felt that the new procedure
had not been used long enough to make any definite state-

ment. In their opinion, it was still toco early to tell.

Summary

It was clear to the authors that each of the managers
at NCR followed the new procedure. Also, each manager felt
that it was an improvement over the methods of control which
had been used in the past and had improved their products.
Further, since the procedure is flexible, the managers are
able to adapt it to individual situationsf

The main points brought out as benefits from their

procedure were improved functional specifications, focus
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3 on quality assurance, and emphasis on documentation. Since
the functional specification provides the foundation for all
following actions, its improvement is a benefit, Also, due
to the emphasis placed on guality, the managers believe this
procedure will aid them in meeting their gquality goals.
Finally, since NCR managers perceive documentation as one of
their primary products, the focus in this area is believed

to be beneficial.

In general, the managers prefer the current method
of software development control to others that were used in

the past. First, it provides them with a structure that

allows progress to be measured. Second, it raises the level
of visibility of software development. Third, control |
mechanisms and responsibilities are clearly stated. For l
each of these reasons, as well as others, managers at NCR :!
feel that they have a good system by which to control and

monitor software development.
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CHAPTER IV
CONCLUSIONS AND RECOMMENDATIONS

Overview

This chapter represents the "fruit" of the research
effort. The foundation of research developed in the pre-
ceding chapters has been synthesized into a body of infor-
mation suitable for inference and action. Structurally,
the chapter is divided into conclusions, recommendations,
areas of further research, and corollary findings. The con-
clusions and corollary findings reflect information derived
directly from the interviews conducted at NCR by the
authors. The recommendations were developed by applying
findings to appropriate problem areas in the Air Force.
Areas of further research represent avenues of investiga-
tion which, in the perception of the authors, present

opportunities for greater enhancement of software control.

Conclusions
The method employed by NCR to control software
development appears to work well for them. Personnel from
the gquality, software development, hardware development,
and production management areas work closely to establish
realistic milestones and cost targets which can be met.

This makes the management of a project easier since the
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managers can depend upon the milestones and targets being
met more consistently. Also, since the NCR managers feel
that their current procedure is much better than the pre-
viously used procedure, and since the current procedure was
designed around software development, as opposed to hard-
ware development, perhaps control procedures for software
are not effective when they are modifications of hardware
oriented procedures.

Software development is given a high level of
visibility in NCR's software control process. First,
software management positions exist at nearly all levels of
management. Also, the policies and procedures for software
development control are established at corporate levels.
The high level of visibility is further enhanced since the
control procedures for software are separately implemented
and monitored. Finally, the use of change control boards
aids the coordination of software development with other
areas. Since software development has a high level of
visibility, problems that develop can be identified quickly
and resolved.

A high degree of management control was evident in
the software control procedures. The milestones which are

set for the software development are used by the managers

as tools to aid them in controlling the development process.

Similarly, the cost targets are also used to control develop-

ment. Also, the control procedures call for reviews to be
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conducted by the managers of development projects. These
reviews aid in keeping the managers informed and knowledge-
able about the progress of each project and also serve as

a control mechanism. Further, extensive management controls
over quality serve to protect the quality and reliability

of the end product of the software development effort.

The importance of the involvement of the future
users of software throughout the development process may
not necessarily be essential. The control procedures
employed by NCR do not include the users past the defini-
tion and specification phases. Since the new procedures
have been implemented, the managers feel that they have
been better able to develop software within the milestones
and cost targets set for each project. Therefore, the
requirement to extensively involve the future users of the
software which is being developed may not be a key element
to successful projects.

For the reasons stated above, it is the observation
of these authors that separate controls over software
development are beneficial and help insure that milestones
and cost targets are met. Also, a high level of visibility
should be given to software development. This is required
in order to have separate control of software and to insure
management attention is given to software. Further, the

use of milestones and cost targets, when set based on the
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unique nature of software, aid managers in the identifica-
tion of problem areas and early solutions. Finally, the
importance of user involvement is in doubt. Possibly,
when software development is required, the extent and pur-
pose of the project should be examined to determine whether
or not the user should be involved during development.

In this section the conclusions which resulted from
the findings in Chapter III have been discussed. Software

control systems and the basis upon which it was designed

was the first item discussed, and second was the visibility

of software development. Also, the management control of

software development and its relationship to software con-
trol was presented. Finally, the necessity to involve
future users throughout the development of software was
examined. In the next sections, the recommendations and
areas for additional research which were extracted from

these conclusions will be presented.

Recommendations

Software should become an element in the Work
Breakdown Structure. The control of software development
would become a separate item and the visibility of software,
as well as its control procedures, would be enhanced. Also,
with increased visibility on software control, problems in
this area could be identified more readily and corrected.

Further, by raising software to a visible level of the Work
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Breakdown Structure, separate cost estimates and cost
targets could be developed. These cost estimates and tar-
gets could then be monitored by personnel in the system
program office or the contracting officer, whichever is
appropriate depending upon the type of contract and/or
purchase. In a manner similar to the cost estimates and
cost targets, milestones could be set and monitored for
the control of software development.

The representative from the using command should
know, in detail, what function the software being purchased
is to perform. This knowledge is needed in order to write
clear and useful software specifications. Also, personnel
writing the specifications for the software functions
should be very familiar with software. With knowledge in
this area, the writer of software specifications is able to
include the detail required by the contractors. By having
people involved with the software contracts that are knowl-
edgeable in the area of software and what the software being
purchased is to do, an accurate assessment of the level of
qguality which must be achieved, as well as the amount of
quality testing which should be done, can be made. The
assessment could be made based on the criticality of the
function which the software is to perform and the nature of

the software, i.e., is the software being developed in a
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standard language, has this type of function been programmed
before, and are "off the shelf" software packages available.
Software should not be treated as data. If data is
to be considered a by-product of a task, and the task being
contracted is the development of a software package and its
documentation in the form of user manuals and functional
descriptions, then the end-product is the software and its
documentation. When software is treated as data, the soft-
ware and its documentation become separate data elements in
the contract and the importance of the software documenta-
tion becomes less visible when the contracts are reviewed.
Control procedures should be written for the
separate control of software development which consider
the unique nature of software and are not patterned after
hardware control procedures. This, too, would increase
the level of visibility of software development control.
Also, policies concerning software should consider its
unigque nature. This is illustrated by the fact that the
managers at NCR Corporation discarded their old procedures
and developed new ones that did take into co .,ideration the
unique nature of software as an item, not data. In addi-
tion, by having separate control procedures for software
development which account for software's uniqueness, the
management control of development would be increased. The

increase in management's ability to control the software
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cevelopment would be due to the increased visibility and
consideration for the nature of software.

For the reasons stated above, software should be
raised to a visible level in the Work Breakdown Structure
to provide separate milestones and cost targets for soft-
ware development. Also, personnel knowledgeable in the
area of software and knowledgeable about the function
which the software is to perform should be involved in
the contracting process to insure that the software's
uniqueness and function are both considered in contracts
when they are written. Finally, separate control proce-
dures which do not treat software as data, but do consider

the nature of software should be written.

Recommendations for Additional Research

In this section, three major areas for further
research are discussed. These areas are: (1) gquality assur-
ance, (2) Air Force involvement during development, and
(3) Software Support. During the course of this research
effort, questions in these areas repeatedly surfaced.
Therefore, research should be done to clarify what type of
relationships exist between software, its development,

and the three areas mentioned above.

Quality Assurance

The area of gqual.ty assurance as it relates to

software, is one in which NCR places a great deal of
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emphasis. However, the authors were able to find very
little in the Air Force regulations, procedures, and guide-
books which dealt with this area. Therefore, in order to
expand the level of knowledge about quality and its rela-
tionship to software, further research should be performed.
One way in which research in this area could be
conducted is by interviewing or sending questionnaires to
personnel in quality assurance departments at other com-
panies in the computer industry. The interviews or ques-
tionnaires should be designed to determine how quality
assurance in software is managed. From this, the Air Force
would be able to evaluate the different methods and develop
quality procedures for the software which the Air Fcrce
purchases. Also, the importance of integrating quality
tests during development could be determined. The guestion
of whether quality tests must be integrated, done as a
separate element, or both, could be answered from this type
of research. By comparing the level of importance the
different companies place on gquality in software, the Air
Force could betcer evaluate control procedures and determine
how much emphasis should be placed on software quali.y.
Another item of importance is the relationship of software
and its documentation. Again, by comparing the policies of
companies in this area, the Air Force would be able to

understand the relationship and make changes to existing
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Air Force policy when required. Finally, through research
of this type, the Air Force could develop quality criteria
and standards for software.

Another area of qua / assurance in which further
research should be conductea .s that of automated test equip-
ment. While this is a relatively new area, especially in
software, there is knowledge to be gained by research in
this area. This research should concentrate on what is
currently being done in the area of test equipment for soft-
ware. Also, some of the procedures, functions, and algo-
rithms pertaining to software test equipmént could be
uncovered. In addition, the skill levels of personnel
which are using, as well as developing, test equipment
could be determined. Through the process of gathering and
evaluating the information from research in this area, the
Air Force could be better able to make decisions concerning
the quality of software which it buys and how the quality of

software should be tested.

Air Force Involvement

The Air Force has many levels of software require-
ments randging from simple accounting and payroll applica-
tions to very complex guidance and tracking systems. Since
some doubt about the value of having users involved through-

out the software development process has been raised,
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research should be done as to how much involvement is
required at the various levels of complexity. Perhaps
software dealing with accounting and payréll type applica-
tions could be purchased "off the shelf" through the
commercial market. However, for reasons of complexity and
secrecy, software for guidance and tracking systems would
require a high degree of involvement between Air Force
personnel and the contractor. For these reasons, research
into the amount of involvement and the benefit received

from it at various levels of involvement should be done.

Software Support

Further research is also needed in the area of
follow-on support to software once it has been developed
and purchased. Due to modifications in weapon systems,
mission requirements, and other equipment the software
incorporated into these pieces of equipment must also be
modified. Also, as the state of the art advances, new and
better methods of utilizing software are being developed
which cause current systems to become outdated. For these
reasons, exploratory research into how to handle software

support is recommended. Perhaps this could be done best

by asking companies that currently develop and support soft-

ware what their policies and procedures are. Regardless of

how the research is done, more knowledge should be obtained
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by the Air Force in this area because as more software is

purchased the problem of software support will grow.

Corollary Findings

In the course of conducting the research, a number
of findings or observations, not directly related to the
research effort, were made. Although the aforementioned
findings did not contribute significantly in answering the
research questions, they provide additional insight into
software control and general software management.

The first corollary finding reinforces an observa-

tion made by Johns Hopkins University in a management study:
hardware oriented contrcl philosophies and procedures don't
work well when applied to software (10:2-4). An integral
part of NCR's software control system was the selective
abandonment of software management policies adapted directly
from hardware management procedures. NCR realized that
"crossing out the word hardware and entering software" in
written guidance does not necessarily provide the needed
procedures for managing software. The recognition of this

fact was perceived by NCR software managers as an essential

precursor to an effective software control system.

The second corollary finding of signifiance was the
great importance and contribution of Quality Assurance per-
sonnel to the software control program. Operating auton-

omously and semiautonomously within specific departments,
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Quality Assurance functionaries rigorously test software
operation, hardware and software integration, and validate
documentation. The tests are made at specific and well
defined phases or milestones using defined standards, sta-
tistical techniques, and state of the art test equipment.
Quality discrepancies can be sequentially elevated to the
highest levels of management for problem resolution.
Corporate Quality Assurance is the focal point for serious
discrepancies and they have direct access to the highest
decision makiny authority. NCR software managers perceive
that this trémendous emphasis on quality has markedly
reduced errors in software products.

The third and final corollary finding deals with
the application of milestones and cost controls as a mech-
anism in managing software. In the main body of research,
the presence of milestones and cost controls were primarily
viewed as a barometer of software visibility. During the
course of the research, the perceived usefulness of mile~
stones and cost controls in software control was revealed.
Milestones and cost controls, tailored to the unique nature
of software, were used as effective tools in meeting and
measuring schedule, quality, and fiscal standards. ©NCR
managers perceive that modular design and development was
particularly well suited to the use of milestones and cost

controls.
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Summary

This fourth and final chapter is the culmination of
the research effort. The authors have endeavored to pre-
sent inferences and recommendations warranted by the nature
and depth of the research. The corollary findings and con-
clusions presented reflect the perceptions of seven experi-
enced software managers at NCR. The recommendations are
derived from a synthesis of findings, areas of perceived
Air Force software deficiency, and a need for amplification
or exploration of additional aspects of software control.
This research purports not to provide the entire solution
to the software control problem, but to provide a contribu-
tion to the ultimate solution. The authors believe that
research enacted upon previously stated recommendations
will add more pieces to the software control puzzle.

As stated in the first chapter, software is the
esseptial and most costly aspect of computerized systems.
The proliferation of sofiware using systems is increasing
every year. 1lt is incumbent upon the Air Force to minimize
the cost and maximize the effectiveness of software acqui-
sitions. A well conceived software control policy is
essential to meet that goal. The authors helieve that
this research provides a foundation upon which to build an

effective software control policy.
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