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SOFTWARE ENGINEERING: VOLUME I, ITS DEVELOPMENT AND
STANDARDS

L. INTRODUCTION
Background

Software engineering is a relatively new discipline
whose development has been shaped by the increasing demand
for its product. Because of the pressures created by this
demand, software engineering has evolved very rapidly;
however, its development has been subjected to very little
of the critical analysis required to indicate where future
development and standardization are needed. This study
therefore represents a first attempt at drawing together
many of the general concepts of software engineering and
related information as an initial step in the refinement

of the discipline of software engineering.
Objective

The objectives of this study were (1) to evaluate the
maturity of the software development process and its
accompanying standards, (2) to project future developments
in its evolution, and (3) to identify specific areas re-
quiring standards and the means for achieving that stand-

ardization.
Approach

This study was conducted as a top-down analysis of
the factors which define the development of the software
engineering discipline. A common sequence of phases which
can be used to classify the functions performed in all
engineering disciplines was first defined (Chapter 2), and
the role of standards in the development process of an

engineering discipline was studied (Chapter 3). The evo-

lution of software engineering and its present status

7/‘5556{14/5 @4 743/”/ ; Z //”
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were then examined in light of the structures developed
in the first two steps (Chapter 4) as a basis for
evaluating its maturity and projecting probable future
directions in software engineering (Chapter 5). Based on
the preceding steps, each software engineering phase was
dissected into its unit inputs, and the current avail-

ability of those inputs was determined; from this analysis,

a list of specific areas requiring standards was developed
(Chapter 6). Chapter 7 outlines the steps required to
achieve the recommended standardization, and Chapter 8

summarizes the study conclusions.

A list of organizations participating in software
engineering standardization and of relevant reference works
was developed in performing the above steps. Appendix A
lists participating organizations. The bibliography (Appen-
dix B) presents a wide variety of works, including standards,
discussions of methodology, and subject-oriented articles.
Short abstracts are provided to identify the subjects dis-
cussed or standardized. Volume II of this report provides

a list of individuals who are participating in software

engineering standardization.
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2% AN OVERVIEW OF DEVELOPMENT AS A PROCESS

Before a perspective for viewing the evolution of
software development wa¢ formulated, the generic nature
of the development process was examined. If similarities
exist between the evolution of the software development
discipline and other engineering disciplines, these simi-
larities may provide insight into the strengths and weak-
nesses or the level of maturation of the software disci-

pline.

The distinguishing feature of the human species is
its ability to manipulate its environment through the use
of tools and techniques for their use. Development, or
the art of invention, is the process by which tools and

techniques are derived to meet a recognized need.

It is hypothesized that every invention is realized
through a series of developmental steps or phases: direc-
tion, requirements, design, fabrication, verification, and
dispersion. Each phase has a goal which must be attained
before any of the following phases can be successfully
achieved, unless by accident. A step may appear to have

been skipped, as when sudden insight occurs, but such
occurrences actually imply almost instantaneous completion
of intervening steps in invention. The phases may occur
somewhat in parallel or in a disjointed progression in-
volving going back and forth between steps until necessary
preliminaries exist for subsequent actions. The following

paragraphs describe each of the phases.

The direction phase is the stage in which a need is
recognized. The eventual product's explicit functions

of structure may not be understood, but a void in the

environment's resources is reccgnized. Statements of
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direction define the void and will later result in state-
ments of requirements or design in an attempt to fill the
void.

This very important phase, sometimes also called the
problem or concept phase, is the one which has been given
least formal recognition. If the void is not properly
given dimension, there is little hope that subsequent re-
quirements, designs, or products will adequately fill it
except, again, by accident. An incomplete or incorrect
definition of the void is a major contributing element in
the failure of many attempts at development, since any
omission or error in this phase affects every subsequent

activity.

The requirements phase involves generation of state-
ments of those functions which must be performed to fill
the defined void. The aim is a close fit in which the
requirements fill, but do not overflow, the functional
space of the void. However, because statements of direc-
tion often specify voids for which functions may only be
probabilistically defined, this phase also involves recog-
nition that only those problems which can be practicably

approached can be solved.

Requirements can only be verified to have been met
through the performance of the eventual product, and must
therefore be capable of explicit demonstration. If state-
ments can only be shown to be satisfied circumstantially,
but not for all cases, they are statements of direction--
voids which can be shown to be partially filled. This
again demonstrates that the purpose of the requirements
phase is to define that portion of the directed void which
will be filled.

10
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The design phase identifies the physical structure
of the product which will perform the functions defined
by the requirements. While specifically attempting to
satisfy requirements during the design phase, the design-
er must be fully aware of the direction upon which they
were based, so that any necessary design excesses can be
channeled toward these ultimate goals. Satisfaction of
design statements can only be verified through examination
of the product. Thus an implemented design can be seen
or physically measured in some way which does not require

that the product perform its required functions.

The fabrication phase produces the product to meet
the design, thus providing the physical form and substance
of the development product. Its common feature is the
conversion of raw materials into a structurally or func-
tionally different form to fill the defined void. This
is the phase which is most significant to the engineering
discipline supporting the development cycle.

The verification phase provides assurance that the
translation conducted at each of the preceding four phases
is true to its predecessors. This includes verification
that the direction describes an actual void that fits with-
in the dimensions of a real world. Verification is not a
phase in the sense that the other steps are, since it must
occur with and support every other preceding phase and is
thus actually a continuous function.

The sixth phase, dispersion, involves the formal
changing of the product from something under development
to something in use. The level of formality of such a
transition depends on the particular development. It may
involve much training and transfer of responsibilities.

This phase provides a point at which the five preceding

Ll
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phases may be examined to determine whether their perform-
ance satisfied the rigor expected of an engineering disci-
pline. Unfortunately, in most development processes, this
is the only phase in which the product's eventual user
participates.

These six phases can be seen as six dimensions in a
simultaneous equation. Being concurrently aware of the é
status and impact of each dimension on all the others is
quite often impossible. Rules for development, usually ,
called standards, have therefore been developed to provide %
continuity between the dimensions. Chapter 3 defines the
role of standards in the development process and describes |
how their development reflects the maturity of an engineer-

ing discipline.
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3s THE ROLE OF STANDARDS IN THE DEVELOPMENT PROCESS

Standards as a Measure of an Engineering Discipline's
Maturity

From the beginnings of engineering, man has continu-
ally expanded and divided its disciplines. Disciplines
usually begin with the definition of unusual phenomena or
the recognition of principles which are to some degree
marginal to an existing discipline. Thus, statistics were
born from a certain degree of frustration with the per-
formance of other disciplines against the exacting demands

of mathematics.

Each discipline is also continually undergoing evolu-

tion, which may involve subdivision into new disciplines,
formalization, or redirection. 1In the early stages, a
discipline has little organization or coherence. How long
such early stages last depends on the incentive behind the
organization, the recognition of basic principles, and the
investment made in formalization. During the past century,
disciplines have tended to mature rapidly because of the
great pressures applied to exploit them. Recently, however,
constraints on research financing have limited this "ex-

ploitive evolution."

From these early stages, a discipline moves toward
the definition of principles and their implementation as
standards. Standards allow the continued, more sophisti-
cated evolution of a discipline to occur upon common bases.
The evolutionary status of a discipline can therefore be
measured by how directly the principles which are its
foundation are translated into the standards which control

its exploitation.

L3
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The following sections describe standards and their

specific role in the development process.

Standards as Inputs to Development Phases

Although most studies of development phases have
focused on the outputs from those phases, considering
inputs offers significant advantages. It permits con-
sideration of inputs provided by the engineering discipline
involved, as well as the inputs derived from the output of
other phases. While the inputs from other phases tend to
be peculiar to the application or product being developed,
the inputs provided by the engineering discipline are
standard unit inputs to that phase of development. The
standard unit inputs--or standards--include the building
blocks from which items meeting application specifications
will be selected, and standard procedures which have been
demonstrated to be reliable and effective.

Application of standards provides implicit continuity

and communication. Their use relieves experienced practi-

tioners of an engineering discipline of a large part of

the definition and documentation process, and helps the
uninitiated to learn the basic building blocks of the
discipline quickly. Since standards are used at comparable
stages in every development, they provide the framework for
evaluating the relative merits of activities and products.

i The role of the standard as a unit input to the de-
velopment process is therefore crucial to the efficiency
and evaluation of that process. To understand the evolu-

tion and maturity of a process, what kind of requirements

’ are met by standards and how they are met must be examined.

14
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Requirements for Standards

Consistency 1is the basis of all requirements for
standards. A generator of standards must balance the
positive effects of consistency against its potential
to inhibit creativity. Among the possible benefits of
standardization are simplification of the growing variety
of products and procedures in human life; communication;
overall economy; safety, health, and protection of life;
protection of consumer and community interests, and eli-
mination of trade barriers.d Although these are only a
few of the benefits, they do reflect elements of "quality"
which is the normal target of the consistency imposed by

standards.

Standards promote common bases for all instances of
a defined context to assure compatibility with preceding
or subsequent activities, or to provide a basis for meas-
urement. Standards thus do not apply or exist in a
uniquely occurring circumstance. The need for standards
depends directly on the frequency with which a context

occur, and the negative impact of a lack of consistency.

Standards may exist whenever repetitive processes
are performed or repetitive circumstances exist. These
prerequisites are met in most activities during develop-
ments within an engineering discipline. Standards sup-
port the transmitting of engineering technology, but can
inhibit the inventiveness required in engineering develop-
ments if misapplied. Standards can also overshadow the

peculiar requirements of an application or development.

: T.R.B. Sanders, The Aims and Principles of Standanrd-

@zation (International Organization for Standard-
ization, October 1972) pp 3, 17.

LS
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The maturity of an engineering discipline is thus not only
reflected in the existence of standards, but also in the
degree to which those standards meet their own requirements
without impeding the achievement of other goals in the

development activity.

Characteristics of Standards

This section discusses two of the many characteristics
of standards: mode of imposition and content of origin or
formalization. Modes of imposition are generally charac-
terized as voluntary or mandatory. Imposed military stand-
ards and specifications are mandatory, as are linear and
columetric measures. If the recipient of a product or
service requires that it meet a certain standard, that
standard is mandatory. Standards organizations such as
the American National Standards Institute (ANSI), the
National Bureau of Standards (NBS), and the International
Organization for Standardization (ISO) are generally con-
cerned with standards which become mandatory through
usage. For example, a building contractor expects a
"2 by 4" to measure 1 1/2 in. by 3 1/2 in. (38.1 by
88.9 mm). This standard is not made mandatory by a law
requiring that it be met, but by its assumption in modern §
construction design, and the contractor's refusal to accept |

materials of larger or smaller dimensioans.

Voluntary standards are those which can be presumed ]
% if desired. A developer may voluntarily impose certain
procedural and unit standards to encourage communication
and enhance subsequent activities. Repetition of a func-
tion leads to development of voluntary standards by produc-
ing behavioral expectations on and for others. Although
the requirements which such standard behavior supports may
not be easily verbalized, the behavior does promote con-
tinuity, and is therefore a standard.

16
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The context of origin or formlization of a standard
is its recognition in explicit terms. Standards are
usually either adopted from some other standard which ;
has been applied, or specially produced in anticipation
of a need. Most formal standards organizations deal
exclusively with adoptive standards. While their product
may not be identical with any specific existing standard,
it is an amalgamation of demonstrated candidates. Anti-
cipatory standards are imposed when a new situation i
requiring continuity is foreseen. Such foresight is
rare, and normally only emanates from an engineering %
discipline which has long, mature experience with stan- %
dards and has learned to respect their contributions. ]
When a discipline evolves simultaneously from an estab-
lished discipline\gnd an application-oriented environ-
ment, conflicts rapidly arise over anticipatory standards,

unless they have clear empirical support.
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4 EVOLUTION OF SOFTWARE DEVELOPMENT
AS AN ENGINEERING DISCIPLINE
This chapter investigates the history of software
engineering, the forces influencing its evolution, and

its current status in the context of the discussions in

Chapters 2 and 3. This analysis is used as the basis for
evaluating software engineering's maturity as an engineer-
f ing discipline and projecting future developments (Chap-
ter 5).

History of Software Engineering

The Modean Dictionary o4 ELectronics defines software
as a program package available for work on general-purpose
digital-computer hardware.2 While several arguments can

1 be made against this definition, it points out the computer
as a primary prerequisite. The history of software engi-
neering therefore begins around 1950, with the use of tube-
technology, digital computers in several laboratories and
for the national census. These machines worked on a direct
encoding basis in which a limited set of explicitly imple-
mentable machine functions could be called upon by provid-
ing a stream of binary codes through manual, paper-tape or
punched-card input. The concept of the stored program
existed only in the rudimentary sense that an iteratively
implemented binary control string could be temporarily

stored while that iterative process looped.

The one-for-one instruction machine-action type of
coding limited the amount of special-purpose processing
that could be developed, but did not materially change
the development cycle itself. The coding phase clearly
occurred when a problem was first decomposed completely
to prime logical operations with direct computer-operation
equivalents. Thus, the development cycle for early

. 2 Modern Dictionany of ELectronics, 4th Ed. (Howard W.

Sams and Co., 1972).

18
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software engineering efforts can be clearly delineated into
phases: the standards were those rigidly imposed by machine
constraints. The main problems involved were the tedious |

tasks of programming and debugging machine-level codes.

This tedium is an important incentive for change in
any engineering discipline. In software engineering, it
first resulted in the scattered invention of "macros"--

segments of machine code that implemented functions which

were often needed and similarly applied in many different

software applications. Macros evolved to fill the need to

E avoid repetitive programming and to reduce the need to de-~

] bug the same or similar codes repeatedly. ;

In addition, around 1952, computers began to assume i

some of the work involved in preparing and placing machine

codes into operational form.3

Machines started providing
simple storage allocations, mnemonic translations, and auto-
matic incorporation of macros. Some early systems pro-
vided "assemblers" which performed permanent translation

of a source code to an executable machine code, while

others provided "interpreters" which translated source

codes each time the code required execution. Assemblers,

which were more efficient, are still used, while inter-

preters have evolved to support interactive programming.

Automated translation of codes to facilitate develop-
ment has evolved rapidly since IBM introduced FORTRAN in
1957. These new levels, called languages, allowed users
to write their codes in the much more natural (to the user)
forms of formulae or English-like statements, and trans-
lated them to assembly codes which were again translated
to machine codes. Languages soon proliferated to meet
different demands (COBOL, LISP), and to overcome techni-
cal problems some people found with FORTRAN (ALGOL, MADCAP) .

37Mark B. Wells, Evolution of Computern Software (Los Alamos

Scientific Laboratory of the University of California,
February 1971).

19



http://www.abbottaerospace.com/technical-library

ABBOTTAERDSFACE.COM

r - e e o ol T TN T AT
5
3

Languages have undergone minor and major overhauls to keep
up with computer technology. Major advances have necessi-
tated changes in names; FORTRAN and COBOL became PL/I, and
ALGOL became PASCAL. However, these changes in languages

have had little effect on the sequence of the development
process, except to limit the applicability of software

engineering standards.

Several concepts which have had a large impact on
software engineering are flow charting, structuring,
differentiation of the roles of programmer and analyst,
verification and validation, and interactive programming.
These concepts evolved from adaptations of methodology to
software engineering needs, into accepted standards. Some
have lost acceptance as their formalized modes became less
responsive to the changing needs of the discipline.

Flow charting is a good example of this evolution.
Conceived in several forms to provide visual understanding
of complex functional and decision flows, flow charting
symbols and semantics were standardized by industry, govern-
ment, and other institutions. Unfortunately, flow charting
has not been flexible enough to support representation of
parallel or inter-leaved processing, to provide a strong
control and understanding of pseudo-code levels higher
than source codes, or to devolve into well-represented
decision flows. While structuring allows flow charts to
be reasonably portrayed, it also obviates the reason for
flow charting, making codes approximately as readable, and
providing more user information. While flow charting is
still extensively used, its use in advanced applications

is declining.

The concept of structuring was developed to restrict
the number of decision constructs to a level which will

20
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allow all necessary operations without overly impeding
programming and will make programs as linearly direct as
possible. Structured programming and structured design
currently exist, but neither requirements nor testing has
evolved enough formalism to require constraint. Structur-
ing is an extremely healthy example of a discipline contain-
ing and constraining its implementation and design tech-
niques to provide a more uniform and understandable pro-

duct.

Early computer scientists were by necessity their
own programmers. As computers became more common and
their application stereotyped, the role of the sof*ware
systems analyst emerged. This analyst acted as the
design link between the customer's requirements and the
programmer's implementation. As software applications
have expanded, demand has continued to exceed supply for
programmers, resulting in certain programmer substitutes,
including interactive design and modularly built systems.
Interactive programming has begun to impact implementation
seriously, and should displace almost all other forms of
program construction (barring an even better technique)
within 10 years.

Finally, since about 1968, a new field--verification
and validation (V&V)--has been defined. Absorbing the
old concepts of configuration audits and testing, V&V has
become a subdiscipline of software engineering with tools
and techniques of its own. Although the software engineer-
ing discipline has, during this period, become aware that
its tools and techniques are not keeping up with the evo-
lution of hardware or the expansion of applications and
users, V&V has not yet accomplished any meaningful changes
in the actual methodology applied to the old problems. It

21
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has -simply consolidated activities, making them less re-
dundant and expensive. Some attempts have been made to
improve techniques by replacing man with automation or
adopting techniques from other disciplines, but almost all

have met with limited or no success.

Generic Forces in Software Development

Six of the major forces active in software engineer-
ing's evolution, both historically and currently, are de-
mand, dependency, popularity, humanity, quality, and

incorporeity.
Demand

Since the business and scientific worlds first recog-
nized the fantastic potential in exploiting the capabilities
offered by software engineering, their demand for software
products has consistently grown. This demand has insured
the industry's security as an on-going concern, but meeting
the demand has resulted in impulsive and somewhat disjointed
growth. The industry is now beginning to evaluate its past,
present, and future in light of historical experience as a
basis for formalizing its practices in universal, yet flexi-

ble, precepts that effectively serve its proponents.

Dependency

Research in any field is heavily subject to the depend-
ence of the economic environment on it. Hence, software
engineering was essentially born in the demands of military
defense. However, when the business world discovered the
economic savings and profit potential scoftware engineering
afforded, its investment in the data processing industry
caused almost overnight expansion. Software engineering
has also impacted national economies to the point where a
kind of symbiotic relationship exists between the two.
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Perhaps more significant, however, is the apparent
independent security that software engineering enjoys apart
from the overall economic condition in which it exists.
This characteristic has tended to give it more continuity i
than many of the other engineering disciplines. The |
economy of the business world has become so entirely de-
pendent upon software engineering that it is uneconomical |
for business not to exercise and exploit software engineer- !

ing's potentials to the fullest.
Populanity

Because of its dynamic and evolving nature, software
engineering has been significantly impacted by "fads."
Publication of ideas, methodologies, and approaches with-
out empirical justification or support has dramatically
altered the course of the accepted and respected practices
in the industry. Although some of these concepts have been

tested and found to be worthwhile, others have lapsed into

disuse when time failed to justify them.
Humanity

The ultimate purpose of software engineering intimately
involves the human element. Although the specific and
unique needs of man in a technological environment exert
tremendous influence on all the engineering disciplines,
human factors hold an especially significant place in the
future of software engineering. With continued growth in
the complexity of software systems, accommodations for
human interface will become increasingly important. Stan-
dardization will be a means of simplifying this complexity
at the human level.

Quality

The large quantity of products generated by the evo-

lution and success of software engineering in the business
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and scientific fields has presented fantastic maintenance

demands requiring large financial commitments. Thus, eco-
nomy has been the motivating factor giving rise to require-
ments for quality. Qualities such as reliability,' transpor-
tability, and maintainability are receiving special emphasis
in requirement and design specifications in reaction to the
problems experienced historically in software maimtenance

and system development. However, these qualities have

not yet been adequately defined in the objective, measurable
manner which will provide the desired performance-monitoring
concurrent with system development.

Incorponrnedty

Software, as executed, is a changing electronic state
within a host computer system. It has no physical body or
form and is thus incorporeal. Leading up to this truly
incorporeal software are several levels of translations of
symbolic representations of the desired electronic state
changes. These take the form of magnetic codes, light
codes, physical digital codes (cards and paper tape), and
printed records of source or object codes. All are only
representative of an electronic state transition sequence
to be induced within a computer.

There is little physical limitation on the form of
rendition which will induce the desired electronic transi-
tions in a computer. New language compilers and other
translators continue to be invented to meet requirements
of specific applications. The incorporeal nature of soft-
ware has allowed it t® be extremely responsive to the needs
of differing applications.

However, that same incorporeity has caused two problems
which have greatly impeded the maturation of software en-
gineering. First, because the media with which the engineer
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must work physically impose almost no constraints on soft-
ware engineering, the engineer is not limited by the tensile
strength or friability of logic. Program sizing is rapidly
disappearing as a problem in many applications. Programmers
quite often deviate from certain coding practices and speci-
fied languages, implanting assembly code shortcuts, and tak-

ing advantage of peculiarities in a local computer environ-

ment. Second, the lack of structural constraint allows
software to operate at a functional level of complexity
beyond any mechanical equivalent. The combination of un-
precedented complexity with arbitrariness of conventions
and practices has aggravated many dormant problems in the
development cycle.

Development Phases and Their Software
Engineering Equivalents

This section describes contemporary software engineer-
ing in terms of the six development phases described in
Chapter 2.

Dinection

The direction phase in software engineering can be
divided into three subphases: needs identification, con-

ceptualization process, and problem definition.

Identification of a void in the environment initiates
every software development process. The void, which is
evidenced by some undesirable situation or circumstance,
motivates researchers to seek some method that enables
more effective or comfortable functioning within the en-
vironmental demands. Accurate identification of such a
missing element is critical to the solution of any problem.
Incorrect identification of a void will result in products

which do not impact the real problem.
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Avoiding propagation of faults from the identification
subphase makes the conceptualization process critical. The
insight needed to approach a problem appropriately depends
largely on the educational and experimental background of
the evaluator. This same education and experience, however,
tends to bias and often inhibit the conceptualization pro-
cess. Creative thinking is often suppressed, since its re-
sults are inherently untried and without empirical justifi-
cation. Hence, the conceptualization process tends to
follow traditional trends within the confines of the con-

ceptualizer's experience.

The conceptualization process is also critical because
of the gross impact it has on problem definition. Thomas
B. Gildersleeve cmphasizes that "a precisely stated problem
is a long step toward solving the problem. After all, it's
pretty hard to get someplace if you haven't spelled out
where you're going."4 Failure to properly identify the
problem leads to the statement of what in actuality is not
a problem at all but rather a solution, and eventually to

the frustration of realizing the real problem has never

been defined, much less solved.

Too often, surface problems are pinpointed, but the
root causes are never identified. Much time, money, and
effort may be wasted in dealing with surface causes, pro-
blems, and effects while the root cause, its associated
problem and propagated effect are never addressed.

The direction phase of software engineering is thus
crucial to the success or failure of satisfying user needs.
it is primarily a user function and requires insight and
foresight to avoid inadequacies that would propagate
throughout the development life cycle. Adequate identifi-
cation of needs, clearly defined conceptual processes, and

Thomas R. Gildersleeve, "Insight and Creativity,"
Datamation (July 1976) p 91.
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a proper problem definition are critical elements to giving

b anes o o

any software engineering project a clear direction.
Requirements

In software engineering, the requirements definition
phase of the develcopment cycle specifies clearly and com-
pletely the elements of the product necessary to adequately
meet the user's needs. Foresight is also needed in require-
ments definition, since any faults in this phase will be
propagated throughout the resulting products. Measurabili-
ty and change are key concepts in defining requirements. An
objective standard of performance must be defined if prog-
ress, success, or failure are to be measured. Requirements

should be specified in forms which can be clearly seen to

be demonstrable through testing or examination at later

development stages.

Appropriately defined measurable objectives can be used
as guideposts to progress. Care in defining these object-
ives is essential, since these guideposts begin to define
schedules, and schedule slippage historically has contribu-
ted significantly to the cost of software products. To
avoid later schedule slippage, requirements which are likely
to change over the software development life cycle must be
identified early in the requirements definition phase. This

is often difficult, since what changes in the user's needs

will occur may not be entirely clear at this time. Never-
theless, if the potential for change is recognized and iden-
tified at this point, that change can often be accommodated

; in the design, resulting in greater flexibility in the final

product.

Specifying requirements is still primarily a user

function. The user should exercise keen foresight in
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maintenance considerations and similar future involvement
with the operational product. Maintenance concerns are
often left out of software requirements; implementing them

after product delivery results in additional work.

Design

The design process in software engineering is just
that--a process, not a product. Although it is not practi-
cal to design dynamically, the design process must be suf-
ficiently flexible to accommodate changes in user require-
ments. At some point, generally determined by the schedule
instead of design preparedness, the product design must be
"frozen" and only allowed to change when requirements arise
which justifiably impact the product's response to critical

user needs. !

Standardization in design could lead to "building
block" approaches in software products. This increased
generalization is often associated with decreased efficiency.
However, just as the "2 by 4" is an economically available
component with sufficient versatility to merit widespread
use in the construction industry, such building block design
should also be possible, economic, and effective in soft-

ware engineering.
Fabarication

The fabrication process in software engineering is
where the actual product takes shape. It is the most
thoroughly exercised and discussed phase in the software
development cycle. Since this is the phase that initially
seems to yield most readily to standardization, it is the
area in which standardization was first attempted. Although
a myriad of techniques, approaches, styles, and conventions
exist, few methologies have any significant empirical
support.
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Verdigdcation

The verification phase in software engineering tests,
evaluates, and insures that the process is moving toward

the defined goal.

- Verification can be facilitated by appropriate con-
sideration and foresight in the requirements definition
and design process phases. Unless provisions are made for
test point interfaces in the design, verification may be
difficult, or additional development work may be required.
Unless requirements are clearly specified and design con-
straints clearly defined, verification tests may not be

meaningful.

Definition of faults in the software development cycle
is essential to the adequate definition of verification
techniques for detecting development phase errors. Hence,
the need for software qualities definition becomes acute
when verification is attempted. An integrated methodology
which considers verification throughout the previous soft-

ware development phases is needed.

Dispension

Dispersion in software engineering is the culmination
of the development process. It represents the real test
of the entire software development process--how effectively
the product meets the real needs of the user. How well the
requirements were expressed and whether standardization
facilitated or limited success can be assessed. Communica-
tion in the developer-user direction is as essential as

user-developer communication was earlier.

Summany

The direction phase includes the identification of
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needs, and conceptualization and definition of the problem.

The requirement phase defines the software product

in measurable terms.

The design phase, taking requirements as input, pro-
duces the "working drawings" and specifications (flowcharts
or pseudo-language descriptions, perhaps; data structure
specifications, overall program "architecture”) from which

the software is fabricated.

The fabrication phase is where software is coded or
"built." Fabrication produces the product which is exe-

cuted on a computer,

The verification phase includes first the verification

of the software design, followed by testing of the software

product.

In the dispersion phase, the software is made avail-

able to its intended users.
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The Present State of Software
Engineering Standards

A number of legislative bodies at various levels are
currently impacting on software standards. Most of the legis-
lative bodies concerned with software engineering standards
operate through committees as consultants on their respec-

tive levels of government.

At the international level, the International Organi-
zation for Standardization (ISO) attempts to coordinate
the national standardization organizations of each of its J
member countries to facilitate international exchange of
products and to promote mutual economic and scientific
cooperation. As an international nongovernmental organi- |
zation, ISO functions as a consultant with the United |
Nations and other international consulting groups. ISO 3
accepts draft proposals for international standards and :
assigns them to a technical committee for study. Its tech-
nical committee for computers and information processing
(TC97) oversees multinational subcommittees responsible
for both hardware and software standardization.? 1If and
when a draft proposal is supported by a sufficient number
of technical committee members, it becomes a draft inter-
national standard and is circulated among all members for
approval. If approved by a sufficient number of members,
the final standard is published as an international stand-
ard. Adherence to these standards is by consent of the

participating member nations.®

> Marjorie F. Hill, The Woxld of EDP Standards, Tech.
Memo TM4 (Control Data Corporation, January 1973)
pp iv=12 to iv=25.

6 4ill, pp iv-21 to iv-22.
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A second international organization with vested in-
terests in software engineering standards is the Interna-
tional Federation for Information Processing (IFIP).
IFIP, however, does not develop standards, but simply
attempts to facilitate international communication in

information processing through organizing symposia, sponsor-

ing conferences, and establishing study committees.’

One of the national standards organizations in ISO/TC97
is the American National Standards Institute (ANSI)j. One
of its 18 technical advisory boards--the Information Systems
Technical Advisory Board (ISTAB)--seeks to establish soft-
ware engineering standards. The ANSI X3 Technical Committee
of ISTAB is the group concerned specifically with software.
Its members include producers of hardware and software pro-
ducts, consumer associations, and societies with general

interest in software.8

ANSI does not itself develop standards; rather, it pro-
vides the organization through which standards can be
approved. The technical advisory boards review the techni-
cal content, a review board determines that consensus has
been reached, and an approval board gives final approval.9
Approved standards are implemented by publication and en-

forced by voluntary consensus.

At the government level in the United States, the
National Bureau of Standards (NBS) is responsible for study-
ing, establishing, and executing standardization. The
Interagency Committee on Automatic Data Processing (IAC/ADP)
and the Federal Information Processing Standards Coordinat-
ing and Advisory Committee (FIPSCAC) are two groups speci-
fically concerned with the problems of Federal software

7Hill, pp iv-7 to iv-8.

>
8Hill, pp iv-1 to iv-25.

9 :
Hill, p vi=9. 32
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The Present State of Souttware
Engineering Standards

A number of legislative bodies at various levels are
currently impacting on software standards. Most of the legis-
lative bodies concerned with software engineering standards
operate through committees as consultants on their respec-

tive levels of government.

At the international level, the International Organi-
zation for Standardization (ISO) attempts to coordinate
the national standardization organizations of each of its
member countries to facilitate international exchange of
products and to promote mutual economic and scientific ?
cooperation. As an international nongovernmental organi-
zation, ISO functions as a consultant with the United |
Nations and other international consulting groups. ISO

accepts draft proposals for international standards and

assigns them to a technical committee for study. Its tech-
nical committee for computers and information processing
(TC97) oversees multinational subcommittees responsible

for both hardware and software standardization.® 1If and
when a draft proposal is supported by a sufficient number
of technical committee members, it becomes a draft inter-
national standard and is circulated among all members for

: approval. If approved by a sufficient number of members,
the final standard is published as an international stand-
ard. Adherence to these standards is by consent of the

f participating member nations.®

5 Marjorie F. Hill, The Wonkd of EDP Standands, Tech.
Memo TM4 (Control Data Corporation, January 1973)
pp iv=12 to iv-23.

® Hill, pp iv-21 to iv-22.
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A second international organization with vested in-
terests in software engineering standards is the Interna-
tional Federation for Information Processing (IFIP).
IFIP, however, does not develop standards, but simply
attempts to facilitate international communication in

information processing through organizing symposia, sponsor-

ing conferences, and establishing study committees.7

One of the national standards organizations in ISO/TC97
is the American National Standards Institute (ANSI). One
of its 18 technical advisory boards--the Information Systems
Technical Advisory Board (ISTAB)~-seeks to establish soft-
ware engineering standards. The ANSI X3 Technical Committee
of ISTAB is the group concerned specifically with software. ;
Its members include producers of hardware and software pro-

ducts, consumer associations, and societies with general
8

interest in software.

ANSTI does not itself develop standards; rather, it pro-
vides the organization through which standards can be
approved. The technical advisory boards review the techni-
cal content, a review board determines that consensus has
been reached, and an approval board gives final approval.9
Approved standards are implemented by publication and en-

forced by voluntary consensus.

At the government level in the United States, the
National Bureau of Standards (NBS) is responsible for study-
ing, establishing, and executing standardization. The
Interagency Committee on Automatic Data Processing (IAC/ADP)
and the Federal Information Processing Standards Coordinat-
ing and Advisory Committee (FIPSCAC) are two groups speci-
fically concerned with the problems of Federal software

T4i11, pp iv-7 to iv-8.

8Hill, pp iv-1 to iv-25.

2. L
Hill, p vi=9. 32
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engineering. Under FIPSCAC are a number of Federal infor-
mation processing standards task groups which work closely

with NBS in particular areas of standards definition.10

The Center for Computer Sciences and Technology (CCST)
within NBS recommends "uniform federal standards to improve
compatibility in automatic data processing equipment pro-
cured by the governmentﬂdl CCST is responsible for over-
seeing the work of FIPSCAC, which in turn executes the
Federal Information Processing Standards (FIPS) program.
The FIPS programs publishes the FIPS register, which lists
the official documents specifying standards to which
adherence is required throughout the Federal Government.
These documents also specify the requirements private
industry must meet when producing hardware and software

products for government use.

While attempting to correlate with the FIPS program,
the Department of Defense (DOD) is actively working toward
establishing standards that serve the unique needs of its
specialized environment. Because of its mission and organi-
zation, it is better able to exercise authority in imple-
menting standardization. TIn the software engineering areas,
the Department of Defense issues DOD directives, DOD instruc-
tions, military specifications, and military standards that
impact all the military services (see the bibliography).
Each of the services also defines and adminsters standards
impacting areas of software engineering unique to their
mission and environment (see the bibliography).

Orcdenaf Information Processing Standards Index, FIPS Pub
12-2 (U.S. Department of Commerce, National Bureau of
Standards, 1 December 1974) pp 76-79.

11

Hill, p vi-36.
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The annotated bibliography of existing ISO, ANSI, FIPS
program, and DOD standards presents a cursory profile of
the presently existing standards in software engineering.
The present emphasis in software standardization

is on programming languages, documentation, and to

some degree, working vocabulary. By far, the weight of
work impacts hardware. Only the DOD standards concern the
prefabrication, test and evaluation, quality assurance, and
configuration management areas of the software development
cycle. Since the individual services are closest to one
subset of the overall scope of Federal and DOD standardiza-

tion, they can deal more effectively with specific elements

in the software development cycle. Hence, it is at this
level that definition in the prefabrication phases of the
software development life cycle is first seen.

In general, the present profile of software engineer-

ing standards is skewed toward definition of common pro-
gramming language elements and form in documentation. The
marked void in definition of standard practice in problem
definition, user requirements specification, design speci-
ficaticn, test and evaluation, and quality assurance pro-
bably indicates the present lack of commonality in these
areas. They are, therefore, the key facets of software

engineering which presently merit standards study.
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5 SOFTWARE DEVELOPMENT AS AN ENGINEERING
DISCIPLINE: ITS PRESENT MATURITY AND
FUTURE DEVELOPMENT

Software Development's Maturity as an
Engineering Discipline

One of the first elements demonstrating maturity in
the engineering disciplines is the historic base upon which
they rest. 1In the length of time mechanical engineering
has had to assimilate experience, empirical observation,
and cognitive hindsight, it has built a firm foundation of
principles found to be trustworthy through years of test-
ing, evaluation, and reevaluation. By contrast, software
engineering has had dynamic, but short and somewhat dis-
jointed history. Demand for its product has established
its place among the engineering disciplines, but has
simultaneously eliminated the time necessary for its

experience to evolve into principle.

Part of the reason for software engineering's inability
to establish an accepted base is the dynamic evolution still
taking place in the field. The evolutionary cycles of other
engineering disciplines have peaked and stablized. Attain-
ing this stability has allowed them to concentrate on simpli-
fication and flexibility. Software engineering, on the
other hand, is still being shaped. As a result, software
technology is still growing in complexity. It is still
in the active, experimental stages in which it is forming
the elements of principle and practice on which its mature

character will be built.

Attaining an evolutionary plateau of methodological
standardization has also enabled the engineering disciplines
to establish continuity and commonality in their develop-

ment. Definition of critical interfaces within and across
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the engineering disciplines has been a key in facilitating

fluid cemmunication and speeding the process of consensus
critical to establishing workable standards. Software
engineering has yet to adequately identify its critical
interfaces. Communication across its phases has histori-

cally been fragmented, resulting in fragmented development.

As stated in Chapter 3, a discipline's maturity is also
indicated by its level of consensus as embodied in the
standards currently available. Programming languages and
documentation appear to be areas in software engineering
in which the greatest degree of consensus or at least the
greatest commonality has been achieved. Little investiga-
tion into standardizing the prefabrication phases of soft-
ware development has been done--indeed, as previously
stated, it is not yet clear or agreed upon just what these
phases entail. Few standards exist in the requirements
definition, design process, and problem definition direction
phases, indicating the present lack of common practice in
these areas. The national and international organizations
charged with standards definition are still investigating
standardization in the information-processing sciences.
Based on the criteria of development of existing standards,
software engineering is immature in comparison with other

engineering disciplines.

This lack of standards is related and in fact is due
in part to software engineering's short historic base.
The paucity of historical data has led to hesitation in
formulating standards because standards defined and exe-
cuted without adequate empirical demonstration could
jeopardize future efforts toward standardization by impos-

ing rigidity in a rapidly evolving discipline.
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Importance of Maturity in Software
Englneering

Attaining a definable level of maturity in any engineer-
ing discipline helps to establish a frame of reference by
which to evaluate new and potentially discordant applica-
tions. A given level of maturity tends to raise the
initiation of creativity and research in the discipline.
Repeated lower level efforts can be standardized to avoid

the syndrome of "reinventing the wheel."

.An established and defined level of maturity in soft-
ware engineering would provide an intermediate evolutionary
plateau from which development could spring, as well as a
standard for evaluation. This comparability and continuity
would allow measurement of the relative value of other pro-
cesses, building up empirical data from which new standards
could be developed. Such standards of evaluation are criti-
cal to establishing procedures and acceptance criteria and

insuring progress.

Maturity in software engineering is essential to estab-
lishing an operating vocabulary, thus facilitating effective
communication and assuring an accurate response to user's
needs. In software engineering, this means objective defi-
nition of desirable qualities such as reliability, trans-

portability, and maintainability.

Finally, maturity is needed to control the discipline's
growth. Without controlled growth in the modern technologi-
cal environment, many of the potential benefits that soft-
ware affords will be lost or delayed.

Projected Continuity and Change in
Software Engineering

In the immediate future of software development as an

engineering discipline, the following trends can be expected
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to continue: structured approaches to problems, the impact
of popularity, the duality in the business versus the
scientific facets of the field, and the lack of adequate

and accepted definitions of software qualities.

There is an ever-increasing move toward constrained
structure in management, design, and documentation, as well
as in programming itself. This tendency toward constraint
is due not only to the structured programming techniques
initiated by Djikstra'slzinitial publication, but also to
the need for organization in the fact of increasingly large

and more complex systems.

Popular concepts will continue to significantly impact
software engineering both in the academic area and as a
marketing tool. Marketing expertise currently outweighs
technical expertise. Funding will continue to be the driv-
ing force behind software research and development. The

government will continue to be a major funding source for

software engineering work as the demands of national defense,

resource conservation, and the domestic economy grow. Be-
cause of its increasing involvement in software, the govern-
ment's demands and directives for standardization will begin
to have a more significant impact on the direction of the
industry.

Computer science in the academic environment will
continue to develop into a specialized major field. As
it does, it will supply the empirical evidence necessary
to validate or disprove the popular movements. The academic
world will continue to attempt to formalize software
engineering into scientific principles and in so doing
may initiate and identify key areas for standardization.

As hardware technology approaches its theoretical limits

12E. W. Djikstra, "Notes on Structured Programming," in

Structured Programming by Dahl, O. J.; Djikstra, E. W.;
and Hoare, C. A. R. (Academic Press, 1972).
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in size, speed, and material, increased emphasis will be
given to achieving parity between software engineering

technology and hardware.

Perhaps the most challenging area in software engineer-
ing is that of human factors. The human element in the
software development process will become increasingly
critical as automation spreads in both hardware and soft-
ware development. How the human in the human-machine
interface effectively functions, what factors contribute
to his success or failure, and what motivating factors are
operative in his performance will be key subjects for
psychological investigation. This research will identify
problems in software design, user requirements specifica-
tion, problem definition, and the human cognitive process

that historically have received little attention.

As software engineering matures as an engineering
discipline and the software development process is more
adequately understood and formalized, a move toward spe-
cialization will occur in both the academic world and the
working environment. Specialization in software develop-

ment will produce "building block" elements fundamental

to the assembly-line development approach. The Japanese
have recently invested heavily in this idead3 standardi-

# zation in the software engineering industry may lead to

the kind of tool and component building methology used in

the construction industry.

The duality in the business versus scientific appli-
cations fields in software engineering will continue to
develop independently as software engineering matures. Yet,
as development and evaluation methodologies are formalized

and confirmed, bridges may be built between these two

13"Miti-Directcd Software Cooperation," Datamation

(September 1976) p 97.
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application areas. Appropriately defined standards will
be universally applicable and will begin to dissolve the

business/science duality.
Y

As the complexity of software systems grows with the
industry, adequate and clear terminology must be developed
to insure accurate communication. Qualities definition
will provide the foundation for defining performance and
quality evaluation methodology and criteria. Communication
will become increasingly critical as software engineering
matures to the level of the other engineering disciplines
and receives more extensive application in the engineering

environment.

Future Role of Standardization

The great motivation for standardization is economy.
Software costs are increasing dramatically as software
development becomes more and more the critical element in
system construction. Therefore, if software standards are
to have a significant life span of application, they must
satisfy the economic requirement of decreasing cost.

Faults implanted in the requirements specification
and design phases have historically caused expensive de-
velopment phase schedule slippage and follow-on maintenance
requirements. Consequeritly, standards in the critical pre-
fabrication phases of software development and a validation
methodology for quality assurance will be key future needs.

Psychological research into the human factors mechan-
isms that determine success in execution of the prefabrica-
tion phases will also be critical. Standardization in
human engineering will provide transportability of human

experience, a time- and money-saving resource.
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There is a continuing need for definition in software
engineering terminology, both to avoid the ambiguity that
now exists and to facilitate effective communication through-
out the discipline's continuing evolution. Formalization
of the software development process is also needed. Such
formalization will be a milestone in software engineering

standardization.

Controlled experimentation to empirically justify and
document new conceptual approaches to the software develop-
ment cycle can be directed by appropriate standardized
methodologies that define criteria for acceptance or refusal.
An integrated methodology for applying the fragmerted tools
and techniques that already exist or will be developed is a

key need that standardization could impact.

In general, then, standardization has the potential of

: giving software engineering a universal, general management
overlay which would provide an integrated structure for the
phases and functions generic to the software development

process.
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6 IDENTIFICATION OF AREAS REQUIRING
STANDARDS
As the discussion in Chapter 5 indicated, a number of
general areas in software engineering lack standardization.
To determine specific areas requiring standardization, the
concept of unit inputs to the development cycle was expanded.

Unit Inputs to the Development Phases

Unit inputs are a subset of the unit commodities of
any activity. The unit commodities of development activi-
ties are:

1. Instructions--the application-peculiar directions,
requirements, or design statements input to a subsequent

phase to drive its execution toward the desired products.

2. Procedures--organized sequences of activities
pursued to result in the eventual creation of the desired
products from other unit inputs.

3. Designations--assigned measures, values, or formats
appropriate to the engineering discipline(s) being exercised
to produce a product. Designations include such things as
linear and volumetric measures, constants, documentation

formats, and measurable qualities.

4. 1Ingredients and Facilities--Ingredients are the raw
materials from which products are made, including obvious
things such as sheets of paper and the applied graphite or
ink, or less obvious things such as the space in which the
product will fit, and the energy needed to drive facilities.
Facilities are the equipment and environment required by the
execution of the procedures. Facilities include items from
the pencil containing the graphite, through the computer used
to test the software, to the building housing other facilities
and personnel,
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5. Personnel--the people, by name or category, who
perform manual parts of the procedures. Personnel may be
seen as providing levels of skill, experience, and ingenuity

against certain normalized expectations.

6. Products--the end items to which all preceding six
types contribute, including not only the inputs to the next
phase, but also feedback to preceding phases and information
through reporting channels. Products are the only commodi-
ties which are not unit inputs to their own phase.

Representation of Unit Inputs by
Standards

The following subsections examine the first five com-
modities in the context of each phase of software develop-

ment to determine how they are represented by standards.

The Dirnection Phase

Instructions to the direction phase are the least
defined commodities in the entire development cycle. Such
instructions are the raw stimuli which emanate from and
are the basis of "need." If they did not exist, there
would be no incentive to define the environment's short-
comings and proceed to fill them. Unit incentives are
usually quite difficult to define and of extremely diverse
origin. However, if they are not explicitly recognized
and accommodated in the statement of the problem, they are
not likely to be accommodated by the end product, except
by accident. Like so many other engineering disciplines,
software engineering does not now explicitly define the

incentives for development.

The term "procedures" cannot be appropriately used in
the software engineering direction phase. There are no

rigorous, recognized, consistently applied, or explicitly
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taught procedures for defining direction for software
development.

Designations usually evolve to support and reduce
repetition of procedures. Since standard direction pro-
cedures are in effect non-existent, there are few
designations peculiar to this phase. There are a few
existing "problem statement formats" in the most advanced
requirements specification methodologies, but they do not
begin to support definition of direction--they only provide

a format for instruction inputs to the requirements phase.

Other designations, peculiar to an application's engineer-
ing context, or to software engineering itself, may be found
to support needs for unit inputs to this phase. The most
important omission of designations, however, is the almost
total lack of dimensional definition and measurement needed

to scope the voids--the defined basis of any problem.

Ingredients are not a problem in this phase, since it
only requires that materials be supplied to support the
documentation of definitions of problems. In the same sense,
facilities are of little question. However, if experimental
work is required to support definition of a problem, both

ingredients and facilities can become major concerns.

Although personnel with skill and experience are
available, their experience and skill are poorly defined,

making them difficult to recognize, recruit, and assign.

In summary, essentially no standards exist for unit
inputs peculiar to the direction phase. Since a solution
cannot be expected to be any better than the statement of

its problem, standards for this phase are crucial to the

software development process. .
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The Requdinements Phase

Instructions to this phase take the form of a deffned
problem--a void to be functionally filled. As noted in
preceding chapters, a set of functional requirements is J
quite often erroneously specified as the problem. This
clearly shows the lack of standards for content of problem
statements as inputs to the requirements phase. Several
companies and agencies (notably the Ballistic Missile De- . ]

fense Advanced Technology Center) are currently working

toward definition of standards, but the approach is an ,
advanced-methodology-oriented one which is clearly not

directed at immediate application or community consensus.

Considerable work has been done on procedures in this
phase, including hierarchical requirements decomposition
techniques and tools. Because of the extreme complexity
of software missions and implementations, this area has
recently received much attention and will continue to do

SO.

While some primitive standards exist for documentation
of requirements, satisfactory designations, which tradi-
tionally trail procedures, are not readily available yet.

However, designations follow directly upon evolution of

procedures and will emerge as consensus is drawn around

the newly evolved requirements-generation procedures.

Ingredients and facilities are again of minimal cc¢n-
cern during this phase under most development circumstances.
However, as procedures include requirements simulation for
‘ specification support, needs escalate rapidly and become of

significant financial concern.

Personnel reguirements are probably the most difficult

problem to attack. New requirements-generation procedures
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necessitate retraining and changing the attitudes of soft-
ware engineers. Present software engineer certification
programs do not address this problem. The various person-
nel specialties in software engineering must be recognized
before the development cycle will be fully supported by

available personnel resources,

The requirements phase, while not as poorly supported
as the direction phase, has some major weaknesses in stand-
ards, the most serious of which is in problem definition
content standards. Standards for defining requirements in
forms which lead to clear measurement of the success or
failure of the final product are lacking. While work is
advanced on practices, that work is not being taken
advantage of by training practitioners, even though stan-
dards imposition through education has been demonstrated

in the past to be most effective.
The Desdign Phase

Instructions for design take the form of functional
requirements specification. While many practitioners may
call their specifications "requirements," few actually meet
that goal. The reason for this is quite often that the
only standard for a specification deals with its format--
under designations--rather than content. Thus, the speci—
fication becomes a blend of statement of direction, require-
ments, and design. Development of base standards for con-
tent of requirements, as discussed above, is therefore cru-

cial to the design phase and the remainder of the software

development process.
#

»

Procedures for software design have recently received
attention through the concept of "structured design." Al-
though this concept may result in some improvements in
procedures, it must be viewed in light of practitioners'

adherence to the outward chanacteristics of procedures,

without basic anderstanding of the driving principles or
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intentions. Procedures must be carefully designed to imple-
ment their intentions despite lack of complete understanding
by the practitioner. Therefore, structured design and other
popular theories have a long way to evolve before they can F

be considered standard procedures.

Designations start to assume real consequence during
the design phase. While the bit has been defined, failure
with the byte signals that problems exist in the state of
designations input to software design. While designers can
now call for American Standard Code for Information Inter-
change (ASCII) cgdes and "standard" languages, they have
little to match the modularity represented by buttons and
thread, resistors and capacitors, test tubes and slides,
and the myriad of other standardized items of other disci-
plines. Designations in a few areas (notably languages)
exist, but work on the many parallel problem areas has not
yet begun.

Ingredients are hard to define when designations for
them do not exist. Little of modular form will exist until
more work is done to support the designation definition.
Facilities also cannot support what does not have form.
Paper and pencil, desk, and chair may be supplied, but
functional modules and automated design are far from

standardized.

Personnel redeem the design phase today. The good
software designer has had to overcome the lack of instruc-
tions and designations, determine how to do the job (each
time to meet the total lack of comparable inputs), and
provide the programmer with a specification that could be
translated into executable code. Quite often the program-
mer must write a new code to avoid more immediate diffi-
culties. The designer must be provided with working
materials which can be depended upon to consistently meet
adequate standards.
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The design phase is faced with irregular instructions,
few reliable designations, and the responsibility to compen-
sate for the deficiencies of preceding phases. This in part |
reflects the impact of incorporeity (as discussed in Chapter |
4) .

The Fabrication Phase

Instructions for the fabrication phase take the form
of design statements which define explicit sequences and
parallel performance of state changes. These state changes
as a whole are intended to implement the required control ;
and computational functions when executed in a prescribed

computer environment. The main difficulty with instructions 1

is determining at what level design stops and programming
(fabrication) begins. This problem is aggravated by the
inconsistency of instructional-level functional complexity
within and between software languages. The problem will
not be alleviated to any degree until languages are stand-
ardized across machine boundaries at consistent functional
levels. Beyond this problem, the content of design is
generally transmitted from designer to programmer. When
languages have matured, adequate empirical data on instruc-
tion methology should exist to allow standards organiza-

tions to adopt a suitable methodology.

Programming procedures have been subjected to a number
of popular concepts. Currently, for example, structured
programming is being retrofitted into circumstances and
languages which sometimes cannot effectively accommodate
the procedures. Unfortunately, no empirical data have been
collected from the exercising of procedures. Until data
can be collected and analyzed in real, working programming
circumstances, little more than accidental progress will
be made.
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Designations for programming including coding formats,
cdata formats, interface rules, and the numerous other details
which assure that the program will reach execution time and
work as intended when there. Unfortunately, except for the
bit, there is little one can depend on to be the same between
operational (and consequently programming) environments.
Progress is being made on languages and interfaces, but is
sorely lacking in almost all other areas. The lack of
common designations makes it impossible to compare data on
the performance of programming procedures, and thus takes
priority over the empirical data problem; at least an

interim solution is required.

Ingredients and facilities in this phase include items
peculiar to data processing, such as computer cards and
their associated machinery, punched tape, magnetic media,
terminals, compilers, assemblers, etc. While many physical
media have been standardized (cards, tape, etc.), few soft-
ware facilities have been. Operating systems and their
supporting code production facilities, while conforming in
gross ways to gross functional conventions, are still very
unique and peculiar to their operating environments. Lack
of standard facilities and their implications on standardi-
zation of languages and interfaces will continue to impede
the evolution of software engineering until some standardi-

zation is achieved.

Personnel are the energy expended in the fabrication
phase. While there have been predictions that the program-
mer will soon be replaced by automatons which translate
design directly into code, this is not likely to occur
immediately. Personnel must now be accredited not only
as programmers, but specifically for machines, operating

systems, and languages. Their thought processes are
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adjusted to meet machine specifications, not vice versa.
Standardization of facilities, languages, and interfaces
must progress in concert with human factors engineering
of the roles to be performed by man in this and the other

phases.

The fabrication phase suffers from a diversity of
facilities and procedures, widely dispersed and massively
applied; performance data are not, however, returned for
use as a basis for adoptive standardization. This informa-
tion void must be filled if programming is to improve in a

controlled and rational manner.
The Verdfication Phase

Instructions to the verification phase are all of the
incentives, directions, requirements, design, and code of
the preceding four phases. Inputs make verification of

software extremely difficult, if not impossible.

Procedures are readily available. However, since every-
one is working against a peculiar set of instructions and
designations, procedures for verification do not travel well.
The basic concept of auditing each level of instructions
against itself and its predecessors is well understood, but
its practice is improbable because the incentives are never

defined.

Designations in effect do not exist for this phase.
Qualities are not defined in measurable terms. Formats do
not exist for tests or their plans, and there are no uuit

measures of performance.

Ingredients and facilities are the only items generally
available; however, there is little which can be identified
as standard enough to support comparison of results on this
basis. The little that exists has been the basis for a
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branch of testing called "benchmarking," a very coarse

means of comparing performance in a given environment.

Personnel are again the commodity which partially re-
deems this phase. By constantly improvising testing, ‘
practitioners have imparted some small degree of confidence
to software. However, this improvisational skill is not

engineering; it is both rare and self-taught.

In addition to inheriting the ills of preceding phases,
verification has its own faults. Testing and verification
are implemented using poorly defined qualities; statistics
are misused to allege a degree of confidence which is rarely

if ever attained. The practicing software community's

response to date has been to rationalize an approach to
verification. A firm look at basic principles and proce-
dures is needed to determine the scope of the voids that

exist in verification.

The Dispersion Phase

Instructions to.the dispersion phase include the
product code, its documentation and verification results,
and requirements for user documentation. This phase suffers
problems caused by poor instructions from preceding phases;

almost no standards exist for its instructions.

Procedures exist in many organizations to implement
the delivery of software. However, few procedures pertain-
ing to the preparation of user documentation exist or are
standardized, reflecting the poor representation of human
engineering in software development, as well as the almost
total lack of user-involvement in the software development
cycle. This lack of communication and involvement should
be a target for work in establishing procedural standards

for this phase and related activities in other phases.
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Only some cursory designations exist for the identifi-
cation of software products and their related documentation,
even though sufficient experience exists from which to adopt
standards. Designations of man-machine relationships are
very poorly defined, and measures and units have yet to be

conventionalized.

Ingredients and facilities commonly involve normal
clerical supplies, although some interactive, computer-
supported tools are emerging to support dispersion and

user documentation.

Personnel with the cross-training and experience in
software engineering and human factors of configuration
management are not common, and are consequently difficult
to find and fit into a development scheme. The dispersion
phase usually depends on how the individuals involved deal
with the situation; some controlling standards are therefore
urgently needed.

The dispersion phase is often a point of confrontation
between the developer and the user. Standards might reduce
this conflict by providing control and limiting specifica-

tions.
Summary

Table 1 summarizes the specific areas in the software

development cycle which require standardization.
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Table 1

Areas Needing Study and Standardization

L0

LY,

s

L3

Methods to define initial incentives for software
development efforts (page 43, paragraph 4).

Procedures for the definition and scoping of problems
(page 44, paragraph 2).

Standards for the content of problem statements (page
45, paragraph 1).

Training and certification of software requirements
engineers (page 45, last paragraph).

Standards for the content of requirements (page 46,
paragraph 3).

Definitions of units to measure software performance
and size (page 46, paraaraph 2, see also page 27,
paragraph 2).

Designations for inputs to software design (page 47,
paragraph 2).

Collection of empirical data on development proce-
dures' performance and effectiveness (page 48, last
paragraph) .

Standards for operating systems and their support
facilities (page 49, paragraph 2).

Human engineering of the roles and functions of man
in software engineering (page 49, paragraph 3).

Definition of explicit inputs required for verifi-
cation, to be imposed as requirements on preceding
phases (page 51, paragraph 3).

Procedures for designation of software configuration
items (page 52, paragraph 1).

Procedures for communication and translation between
users, procurers, and software engineers (page 51,
last paragraph).
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7 STANDARDS DEVELOPMENT PLAN

This chapter presents a plan for development of
standards for the areas identified in Table 1. Finding
reasonable solutions for all these problem areas will
require many years of work by many people. Consequently,
the first step in the standards development plan is a
priority ranking of the areas. Certain areas presume at
least initial work in others. However, different segments
of the software community may see some of these initial
work areas as more important than others. Since standards
are based upon consensus, the ranking of the areas must

be performed so as to maximize consensus.

One way to do this is to survey the software community--
or at a minimum, persons with interests in standards--to
obtain a ranking of the expected value of the listed needs.
Such a ranking would provide a firm basis for selection
and pursuit of new standardization efforts by the several
voluntary and government organizations and possibly industry
and academic institutions. Such a survey, if cosponsored
by ANSI, would reach and sample a broad spectrum of interests,
which could be factored to identify correlations with stand-
ards needs. The tabulated results of the survey should be
reported to the major standardization organizations and in
the software engineering literature.

For the standards organizations to use such a tasking
consensus effectively, the present procedures used to formu-
late draft standards must be revised. As this study has
shown, the principles of division of the development cycle
into six phases, and the marshaling and definition of unit
inputs can be applied to standards engineering. Properly
defining the problem to be solved, the requirements upon
that solution, and the likely means for verification before
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designing the standards will lead to the most effective

use of the tasking consensus results.

The previously described survey must also be designed
to produce a clear statement of the incentives for standardi-
zation of software engineering practices. Boards of the
rank of ANSI X3 or FIPSCAC must convene panels to explicitly
define the problems of each selected incentive area. These
panels must report their findings so that technical commit-

tees can start defining requirements.

This 3- to 5-year effort represents only the beginning
of the search for solutions to the software engineering

problems.

At this point, work must be switched to an organization
whose structure and operations will enhance the possibility
of creating a standard--an "Underwriters' Laboratory" for
software engineering, working through subscribers from the
software users community, could evolve standards for measur-
ing performance and assurance of software which would thus
become attractive to the development community. Operating

systems could be a natural target of such an organization.

Parallel with this effort must be an effort in the
academic community to promote understanding of the role
of standards. Emphasis should be shifted from languages
and operating systems to include the full development cycle,
including the direction, requirements, verification, and
dispersion phases as well as maintenance. Such emphasis
would allow the practitioner to understand and implement
the standards which will be developed. Improvements in
educational curricula can be made rapidly, with demonstrable

effects on the profession obtainable in 4 years.
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The government could promote such changes through the
establishment of a "National Institute for Information Pro-

cessing," with the expressed mission of promoting and matur-

ing today's computer science curricula.

Thus, development of the standards crucial to software
engineering's maturity will require cooperation at the
highest policy levels of the Federal government, standards

organizations, academic institutions, and industry.
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8 CONCLUSIONS

This study of the evolution of software engineering
indicated that although software engineering is actually
progressing very rapidly compared to the rate at which
other engineering disciplines progressed from their origins,
this rapid progress has produced stresses that other disci-
plines have not had to deal with during their evolutions.
Demand for software engineering's product has established
its security as an engineering discipline while eliminating
the time necessary for experience to evolve into principle
(Dia 891

Analysis indicated that most procedures and inputs to

software engineering are not now standardized (p. 40). This
lack of an established base of principle and standards indi-
cates that software engineering is relatively immature as

an engineering discipline; it is still in the active, ex-
perimental stages of its evolution in which it is forming
the elements of principle and practice on which its mature

character will be built. |

? Development of standards is crucial to the maturing 4
of software engineering. Standardization has the potential
, of giving software engineering a universal, general manage-
ment overlay which would provide an integrated structure
for the phases and functions generic to the software de-

velopment process (p. 45). Existing standards are skewed

toward definition of common programming language elements

and form in documentation. The key areas requiring stand-

|

l ard practices are problem definition, user requirements
specification, design specification, testing and evaluation,

and quality assurance (p. 45). Table 1 lists the specific

areas identified as needing standards in an analysis of the

unit inputs to each phase of the software development
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cycle (Chapter 6). Because software engineering is still
in a dynamic stage of development, standards must be sensi-
tive to its developing needs to avoid imposing excessive
rigidity and therefore impeding acceptance of standards

(p. 40).

Many of the current trends in software engineering
can be expected to continue in the future: structured
approaches to problems, the impact of popularity, the
duality in the business versus the scientific facets of
the field, and the lack of definitions of software quali-
ties. The importance of quality and the effort to define
it will be one of the most significant forces shaping i
software engineering in the future. As software becomes
more complex, the need for qualities definitions to serve
as the foundation for defining performance and quality

evaluation methodology and criteria will become critical
(pp. 42-44).

As major sponsors of software development, the Army
and Department of Defense have a vested interest in
standards leading to quality software products (p. 37,

Appendix A).
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APPENDIX A

SOFTWARE STANDARDS INVENTORY: ORGANIZATIONS

This appendix lists organizations operating or
represented in the United States, which are concerned
with the development and codification of software
standards. The second column lists officers and repre-
sentatives to other organizations. Abbreviations used
in the lis-ing are defined on pp. Al6 - Al7.

N ne & Address Officers and Representatives

Acoustical Society of America
American Institute of Physics
335 East 45th St.

New York, NY 10017

Tel: 212/685-1940

Air Transport Association X3 Rep: Frank C. White
1709 New York Ave., NW

" Washington, DC 20036

Tel: 202/872-4296

American Bankers Association X3 0: James T. Booth
1120 Connecticut Ave., NW

Washington, DC 20036

Tel: 202/467-4296

American Gas Association X3 0: Robert J. Brunner
1515 Wilson Blvd.

Arlington, VA 22209

Tel: 703/524-2000

American Library Association X3 Rep: James R. Rizzolo
50 East Huron St.

Chicago, IL 60611

Tel: 312/944-6780

American National Standards X3 O: Marie Hogsett
Institute

1430 Broadway

New York, NY 10018

Tel: 212/868-1220
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ANSI X3 Committee (Computers and
Information Processing)

c/o CBEMA

1828 L St., NW

Washington, DC 20036

Tel: 202/466-2288

ANSI X3 International Advisory
Committee (IAC)

ANSI X3 Standards Planning and
Requirements Committee (SPARC)

ANSI X3J1 (PL/I)

ANSI X332 (BASIC)

ANSI X3J3 (FORTRAN)

ANSI X3J4 (COBOL Standards)

ANSI X3J41 (COBOL Audit Routines)

ANSI X3J5 (COMPACT II/ACTION/SPLIT)

ANSI X3J7 (APT)

ANSI X3J8 (ARGOL) “

ANSI X3Kl1 (Project Documentation)

ANSI X3K2 (Flow Charts)

ANSI X3K5 (Terminology and
Glossary)

ANSI X3K6 (Network-Oriented
Project Management)

ANSI X3K7 (Program Abstracts)
ANSI X3L2 (Character Sets & Codes)
ANSI X3L5 (Labels & File Structure)

ANSI X3L8 (Representation of Data
Elements)

A2
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Ch:

Chi

Ch:

Ch:

Ch:

Ch;

Ch:

Ch:

Ch:

Ch:

Ch:

Ch:

Ch:

che

Ch

Ch:

John F. Auwaerter

Thomas J. McNamara

William G. Madison

Lois C. Frampton
Thomas E. Kurtz
Frank Engel, Jr.

Jitze Couperus

Robert F. Guise, Jr.
Elliot J. Brebner
Marjorie L. Green
James Ridgell

David Mace

Martin H. Welk, Jr.

Kenneth A. Frey

Margaret K. Butler
Charles D. Card
Jean G. Smith

Harry S. White, Jr.
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ANSI X3L81
Criteria)

(Data Standardization

ANSI X3/SPARC COMPACT II/ACTION/
SPLIT (Comp) Study Group

ANSI X3L82 (Time Designations)

ANSI X3L83 (Individual and Business
Identifications)

ANSI X3L84 (Geographic Units)

ANSI X3L86
sions)

(Quantitative Expres-

ANSI X3S3 (Data Communications)

ANSI X3S31 (Communications Stan-
dards Planning)

ANSI X3S32 (Data Communications
Vocabulary)

ANSI X3S33 (Data Communications
Formats)

ANSI X3S34 (Data Communications
Control Procedures)

ANSI X3S35 (System Performance)

ANST X3S36 (Digital Data Signal-
ling Rates)

ANSI X3/SPARC COMPACT II/ACTION/
SPLIT (Comp) Study Group

ANSI X3/SPARC Data Base Manage-
ment Systems (DBMS) Study Group

ANSI X3/SPARC Long Range Planning
for Programming Language Stan-
dards (LRPL) Study Group

ANSI X3/SPARC Operating Systems
Control Language (OSCL) Study
Group

A3

Chs

Ch:

Ch:

Ch:

Ch:

Ch:

Ch:

Ch:

Ch:

Chi

Ghs

Ch:

Ch

Ch:

Ch:

Cht

Robert F. Guise, Jr.

James W. Gillespie

Shiela Smythe

Walter L. Schlenker

Durane J. Marquis

Gerald C. Schutz

Gerald C. Schutz

W. White

George

William F. Emmons

David E. Carlson

G. J. McAllister
Harold J. Crowley
Robert F. Guise, Jr.

Thomas B. Steel, Jr.

Maurice Halstead

Edgard H. Sibley
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ANSI X3/SPARC Programming
Language for Text Processing
(PIPT) Study Group

ANSI X3T9 (I/O Interface Ch: Delbert L. Shoemaker
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APPENDIX B:
BIBLIOGRAPHY

Military Publications

"Alr Force Manuals and Regulations"

AFM 300-6, with AFSC and ESD supplements, Automatic Data Pro-
cessing (ADP) Resource Management (1 June 1974).

This manual details all aspects of buying, operating, and dis-
posing of ADP equipment. A revision of AFM 171-9, this manual covers
general aspects, budgeting for data systems automation programs (DSAFP),
installation managing, evaluation and assistance, contractual matters,
ADP equipment installation and operations, maintenance, ADP sharing,
supplies, inventory and accountability, and reutilization and disposi-
tion.

AFM 300-12 with AFSC and ESD supplements, Procedures for Managing
ADPS's (10 December 1971).

This manual prescribes additional procedures for managing auto-
matic data processing systems (ADPS). The manual provides procedural
guidance to implement ADPS management policy established by AFR 300-2.
The procedures describe a comprehensive method for managing ADPS and
ADPS elements throughout the ADPS life cycle. The scope of each
project and the value of the resources committed will indicate the
level of documentation, reports, review, and certification needed.

The acquisition of software and related services, such as documentation,
maintenance, and training, are also discussed.

AFR 57-1 with ESD supplement, Policies Responsibilities and
Procedures for Obtaining New and Improved Operational Capabilities
(17 August 1971).

This regulation establishes procedures, assigns responsibilities,
and outlines documentation by which needs for new or improved opera-
tional capabilities are identified and advocated. This process
includes recognition and statement of the needs and directive documen-
tation. Instructions are given for preparing the statements of
required operational capabilities which initiate the process and the
program management directives which start the acquisition of the capa-
bilities in response. Combat-required operational capabilities are
treated as a special case.
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AFR 65-3, Configuration Management (1- July 1974).

This regulation presents general policies and guidance for con-
figuration management by the Air Force. This includes identifying,
controlling, accounting for, and auditing the functional and physical
characteristics of systems under procurement. Considerable attention
is paid to the change process. An overview of the procurement process
shows the conceptual, development/validation, full-scale development,
and production/deployment phases marked by functional, allocated, and
product baselines.

AFR 73-1 with AFSC supplement, Defense Standardization Program
(DSP) (16 March 1967).

This regulation describes Air Force activities, responsibilites,
channels of communication, and reporting for participation in the
defense standardization program. Where industry standards are pre-
ferable, they may be used. Standards for new designs will be established
for future use, with variety of items to be minimized. Locations for
the departmental standardization office and supporting command standard-
1zation offices are established.

AFR 80-14 with AFSC supplement, Test and Evaluation (12 May 1972).

This regulation presents Air Force test and evaluation activity
policies. All testing -- from basic research to system employment/
deployment -- is covered, with special emphasis on operational test
and evaluation. All Air Force organizations and activities are
affected, and the test cycle is described in an attachment. Respon-
sibilites for various Air Force organizational elements are defined.

AFR 102-5, USAF Management Policies Governing Development,
Acquisition and Operation of Command and Control Systems (3 May 1972).

This regulation presents Air Force management policy and assigns
responsibility in the development, acquisition, and operation of
command and control systems. Command and control systems are to stress
compatibility, commonality, and operational continuity. The Air Force
will provide a central point of technology. Standards for languages,
computer programs, data elements, etc. are stressed. Responsibilities
for various Air Force organizational elements are explained.
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AFR 300-1, ADP Program Management (10 June 1971).

This regulation prescribes policies and responsibilities for t
selection, development, acquisition, management, and use of ADPSs, &

the design and development of automated data systems (ADS), except
for ADP equipment excluded by paragraph I.A.2, enclosure 1, DOD Direc-
tive 5100.40. Management of ADPS/ADS, other than those used in combat
veapon systems, will be decided on a project-by-project basis by
Air Force Headquarters (HQ USAF) following review of the requirements
document; HQ USAF decisions will be reflected in the applicable program
management directive. This regulation stresses use of existing facil-
ities and Air Force in-house capabilities.

AFR 300-2, Management of Automatic Data Processing Systems
(12 November 1971).

This regulation prescribes policies and responsibilities for
nanaging ADP systems of the ADP program. It applies to all Air Force
activities with responsibilities for planning, authorizing, designing,
developing, selecting, acquiring, using, maintaining, or managing
(ADPSs) under AFR 300-1. This regulation provides a framework frr
ADPS management which permits early identification of a requirement
>r concept, analysis of the requirement or concept, and preliminary
wpproval before there is extensive commitment of ADP resources.

AFR 310-1, Management of Contractor Data (30 June 1969).

This regulation defines procedures for managing data acquired
inder contract from industry. It implements DOD Instruction 5010.12.
Responsibilities are defined for various Air Force organizational
elements. Detalied guidance on the preparation, quality evaluation,
ind management of data standards is provided. Data includes all
documentation and information associated with a contract.

AFR 800-2 with AFSC and ESD supplement, Program Management,
16 March 1972).

This regulation establishes policy, responsibilities, and
reporting requirements for Air Force acquisition programs that are
directed to be managed by this regulation. The regulation implements
ind includes all of the provisions of DOD Directive 5000.1. The
regulation delegates maximum authority and responsibility for each
preogram to the implementing command and the program manager to plan,
organize, and conduct the acquisition, within the Air Force approved
limits of system performance, schedule, and funding. The program
manager is the technical and administrative focal point for all program |
activities, including the participation of all other organizations.
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AFR 800-3, Engineering of Defense Systems (30 August 1973).

This regulation establishes policy and principles for management
of a single totally integrated engineering effort for all AFR 800-2
managed programs. The regulation defines 11 engineering tasks and
discusses those that are generally applied to each of the phases of
acquisition management.

AFR 800-4, System/Equipment Turnover and Management Transition
(19 November 1971).

This regulation states policy and assigns responsibilities for
accomplishing system/equipment turnover and management transition.
It applies to all programs under the acquisition policy of AFR 800-2.
Turnover and transition agreements will normally be completed prior
to the beginning of the production phase or at a more appropriate
point in time by mutual agreement of the involved commands. Planning
criteria and schedules for turnover and transition will be established
by the program manager in conjunction with representatives of par-
ticipating organizations early in the full-scale development phase.
Schedules will be established as program milestones and reflected
in the management documentation. Revisions must reflect the latest
program direction and required actions will be monitored until com-
pleted. The transition of program management responsibilities will
include consideration of all logistics functional elements. These
elements will be transitioned concurrently if practical. A working
group may be established by the program manager to insure integrated
logistics support planning, schedule turnover, and trarsition events,
and to insure that events are completed as scheduled.

AFR 800-6 with AFSC supplement, Program Control - Financial
(14 July 1972).

This regulation assigns responsibility and provides guidance for
using management control techniques to fulfill reporting requirements
ard to collect financial and other management data for use in financial
analysis and program control. The application of specific techniques
will be specified in the project management directives: the cost/
schedule control criteria, WBS, cost performance report, contract
funds status report, and contractor cost data reports. The latter
three reports, when required, contain all the financial information
required by the Air Force in a single contract. Contractors' only
requirement for the cost/schedule control criteria is to satisfy the
procedures, or organization upon the contractor. The description
criteria for cost/schedule control and cost report are attached to
the regulation.
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AFR 800-8, Integrated Logistics Support (ILS) Program for
Systems and Eguipment (27 July 1972).

This regulation establishes policy and states criteria for the
application of ILS throughout the entire life cycle for Air Force
Systems. The regulation requires:

1. Conducting trade-offs among support ligistic alternatives and
system design alternatives

2. Performing system and cost effectiveness analysis

3. Applying logistic support evaluation during contract source
selection.

A deputy program manager for logistics is assigned to a program office
to participate in ILS planning and to implement ILS considerations
in engineering, design, and production efforts.

AFR 800-9, Production Management in the Acquisition Life Cycle
(25 april 1973).

This regulation states policy and responsibilities for production
management during the acquisition life cycle. The regulation is )
primarily concerned with influencing system engineering and design for
efficient and economical quantity production. Some production
considerations can apply to software develcpment, e.g., maintain-
ability, reliability, and logistic support availability and cost.

AFR 800-10, Management of Multi-Service Systems, Programs and
Projects (12 September 1973).

This regulation authorizes the commanders of the Air Force
Logistics and Systems Commands (AFLC and AFSC) to enter into agree-
ments with Army and Navy counterparts to develop arrangements con-
cerning the management of multi-service systems. Unless altered by
mutual agreement, the policies that are applied will be those of the
service that is designated as executive agent for a program.

AFR 800-11, Life Cycle Costing (LCC) (3 August 1973).

This regulation outlines policy and usage of life-cycle cost to
estimate total cost of an item or system over its full life, incly ' »qg
development, acquisition, operation, maintenance, support, and
posal. Life-cycle costing must be implemented early in the acqua
tion process, thereby influencing requirements, design, and product ou
alternatives. LCC-3 is a DOD document referenced to provide guidance
on the use of life-cycle costing in defense systems and subsystems.
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AFR 800-12, For the Acquisition of Support Equipment (20 May 1974).

This regulation establishes policies and principles for acquisi-
tion of support equipment, i.e., equipment and computer programs not
part of mission equipment and not required to perform mission
operational functions. The regulation emphasizes cost-effectiveness
of support equipment and standardization within a given system and
among systems. Support computer programs must be planned, identified,
and controlled using MIL-STD-483 as a guide. Testing (AFR 80-14)
should demonstrate compatibility with mission equipment, and computer
programs should be relatively free of errors.

AFK 800-14 with HFSC supplement, Management of Computer Resources
in Systems, (10 May 1974).

This regulation establishes policy for the acquisition and
support of computer equipment and computer programs employed as
dedicated elements, subsystems, or components of systems developed
or acquired under the program management concept established in
AFR 800-2. This regulation applies to all Air Force activities
responsible for planning, developing, acquiring, supporting, and
using systems managed or acquired under AFR 800-2. The objective
of this regulation is to insure that computer resources in systems
are planned, developed, acquired, employed, and supported to effect-
ively, efficiently, and economically accomplish Air Force-assigned
missions. According to Air Force policy, computer resources in |
systems are managed as elements of major subsystems during conceptual,
validation, full-scale development, production, employment, operation,
and support phases. System performance requirements are allocated to |
these subsystems using in-depth trade-off studies and cost-effective-
ness analyses.

AFR 800-15, Human Factors Engineering and Management (1 October 1
1974).

This regulation establishes policies and responsibilities to
incorporated human factors engineering into the engineering and
management efforts of all acquisition programs. Some human factors
elements can be applied to computer programs, e.g., manning and
: training considerations, efficient human usage, and determining
whether Air Force personnel with training can in fact operate,
maintain, and support the system in its intended operational
environment.
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AFSC Design Handbook 4-2, Electronic Systems Test & Evaluation
(10 April 1971).

This handbook has been prepared for use with the technological
and engineering disciplines involved in test and evaluation of Air
Force command, communications, control, surveillance, and warning
systems. The data contained in this handbook are intended for use
with Air Force systems programs being conducted under the management
concepts established in other regulations. The handbook is directed
toward the testing and evaluation processes as set forth in AFR 80-14.
Planning, test tools and different types of computer program testing
are covered.

AR 70-10, Test and Evaluation During Development and Acquisition
of Material (15 September 1971).

This regulation prescribes the objectives, concepts, responsibil-
ities, policies, and major tests which apply to the testing and evalua-
tion leading to type classification of Army material. It covers the
life cycle activities starting with the initial preparation of the
coordinated test program (CTP) in the concept formulation phase and
culminating with the successful completion of the production validation
process.

AR 71-3, User Field Tests, Experiments and Evaluations (19 March
1968).

This regulation outlines objectives, policies, responsibilities,
and procedures for corducting user field tests, experiments, and
evaluations, including troop tests, confirmatory tests, field experi-
ments, field evaluations, and combat evaluations. These tests establish
the performance capabilities of selected items of Army equipment in the
hands of the user, and the workability and effectiveness of organiza-
tional concepts, doctrine, tactics and techniques, and tables of
organization duty positions.

AR 1000-1, Basic Policies for Systems Acquisition by the Department
of the Army (5 November 1974).

This regulation establishes Army policies to minimize costs in
acquiring material systems meeting operation requirements. Preference
is to be given to systems with inherent performance growth potential.
The technical and operational feasibility of a requirement must be
demonstrated before it is formalized. Directions for high-level
decision making, priority in testing, shortened development time,
application of integrated logistic support, funding for priority
programs, handling the cost versus quantity balance, and controlling
program costs are also included.
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"Army Regulations"

AR 70-10, Test and Evaluation During Development and Acquisition
of Material (15 September 1971).

This regulation prescribes the objectives, concepts, responsil-
ities, policies, and major tests which apply to the testing and
evaluation leading to type classification of Army material. It
covers the life cycle activities starting with the initial prepara-
tion of the coordinated test program (CTP) in the concept formulation
phase and culminating with the successful completion of the produc-
tion validation process.

AR 71-3, User Field Tests, Experiments and Evaluations
(19 March 1968).

This regulation outlines objectives, policies, responsibilites,
and procedures for conducting user field tests, experiments, and
evaluations, including troop tests, confirmatory tests, field experi-
ments, field evaluations, and combat evaluations. These tests
establish the performance capabilities of selected items of Army
equipment in the hands of the user, and the workability and effective-
ness of organizational concepts, doctrine, tactics and techniques,
and tables of organization duty positions.

AR 1000-1, Basic Policies for Systems Acquisition by the
Department of the Army (5 November 1974).

This regulation establishes Army policies to minimize costs
in acquiring material systems meeting operational requirements.
Preference is to be given to systems with inherent performance
growth potential. The technical and operational feasibility of a
requirement must be demonstrated before it is formalized. Directions
for high-level decision making, priority in testing, shortened
development time, application of integrated logistic support, funding
for priority programs, handling the cost versus quantity balance,
and controlling program costs are also included.

DOD Directive 5000-1, Acquisition of Major Defense Systems
(22 December 1975).

This directive establishes policy for all major defense systems
that (1) exceed a stated estimated cost, (2) are urgent, and (3) are
recommended for inclusion by DOD component commanders. This policy
is for decentralized management of individual programs by a single
individual (i.e., a program manager) with sufficient authority to
accomplish all program objectives. 1Initial program commitments and
any increase in commitments are to be decided by the Secretary of
Defense.
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DOD Directive 5000.3, Test and Evaluation (19 January 1973).

This directive establishes policy for the conduct of test and
evaluation of major programs (as defined in DOD Directive 5000.1).
Its principles also apply to the acquisition of other defense systems.
Test and evaluation shall be scheduled in the acquisition phase, and
shall begin early and continue throughout the acquisition, in an
effort to identify and reduce technical risk. Development and
operational test and evaluation are required for all systems.
Special provisions are made for one-of-a~kind systems.

DOD Directive 5010.19, Configuration Management (17 July 1968).

This directive establishes a policy for configuration management
for all military departments, DOD components at all echelons, and all
defense/industry interfaces. Configuration management must be applied
to all configuration items procured, or obtained by agreement between
in-house activities. The directive describes responsibilities for
initiation, planning, documentation, and audits of configuration
management, and describes the processes of functional and allocated
identification, control, and status accounting.

DOD Directive 4105.55, Selection and Acquisition of Automatic
Data Processing Resources (19 May 1972).

This directive applies to activities of the Office of the
Secretary of Defense, Joint Chiefs of Staff (JCS), Military depart-
ments, and defense agencies, but not to those of government contractors.
This directive implements guidance from the Office of Management and
Budget and from the General Services Administration, and supplements
the DOD Directive 5100.50. The policies and guidance defined by this
directive cover all areas of ADP resource acquisition (original,
upgrade, and replacement), but at a very high level. It stresses
the need for competitive selection, planning prior to acquisition, and
review of all alternatives before making a selection.

DOD Instruction 5010.12, Management of Technical Data
(5 December 1968).

This instruction implements a program for the management and
administration of technical data developed or contractually acquired
by DOD or any component. The instruction identifies planning and
continuous monitoring based on current need for all technical data.
The instruction also establishes procurement data packages, data item
description, and the contract data requirements list. Attachments
give useful guidance on the need and usage of data items, preparation
of data requirements (data call), and information on technical data
standardization.
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DOD Instruction 5010.21, Configuration Management Implementation
Guidance (6 August 1968).

This instruction provides guidance for the implementation of
DOD policies on configuation management established in DOD Directive
5010.19. It directs configuration identification, configuration
control, configuration status accounting, configuration audits,
procurement aspects, logistic support aspects, implementation, and
definition of the application of configuration management to all
DOD systems, equipments, and other designated material items.

DOD Instruction 7041.3, Economic Analysis of Proposed
Department of Defense Investments (26 February 1969).

This instruction establishes policy and procedures for
consistent application of economic analysis in order to:

1. Systematically identify the benefits and costs so that useful
comparisons of alternative methods for accomplishing a task
or mission can be made

2. Highlight the key variables and assumptions on which invest-
ment decisions are based, and allow evaluation of these
assumptions

3. Evaluate alternative methods of financing investments
4. Compare the relative merits of various alternatives as an

aid in selecting the best alternative.

Enclosures to this publication provide references, definition,
instructions and forms for preparing summaries of project costs
and project benefits, and a discussion of discounting techniques.

DOD Manual 4120.17M, Automated Data System Documentation
Standards Manual (December 1972).

This publication provides a general discussion of ADS documenta-
tion, its purposes, authorship requirements, life-cycle applicability,
and the needs of its audience. An attempt is made to correlate
project complexity with documentation needs. The documentation types
outlined and described in this publication are:

1. Functional Descriptions (ED)

2. Data Requirements Document (RD)

3. System/Subsystem Specification (SS)
4. Program Specification (PS)

5. Data Base Specifications (DS)
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6. Users Manual (UM)
Computer Operation Manual (OM)

Program Maintenance Manual (MM)

Pee)

9. Test and Implementation Plan (TP)
10. Test Analysis Report (TR).
l'hese documents are intended to form the complete set of ADS

documentation which could be added to standard system planning ]
documentation requirements. ‘

"Military Standards and Specifications"

MIL-H-468558, Human Engineering and Requirements for Military
Systems, Eguipment and Facilities (2 May 1972).

This specification defines requirements for applying principles
and criteria (MIL-STD-1472A) of human engineering to the development
and acquisition of systems. The specification requires a plan and
tasks of analysis, design, development, and test and evaluation.

MIL-HDBK-217B, Reliability Prediction of Electronic Equipment
(20 September 1974).

Oriented toward reliability prediction of military electronic
eguipment, this handbook provides a common basis for predicting
and comparing predictions on military contracts and proposals.

It provides two methods of reliability prediction: parts stress

‘ analysis, and parts count. Mathematical models for parts failure
rates for use in computer programming and tables for determining

base failure rates are also provided.

MIL-HDBK-472, Maintainability Prediction: Military Standardiza-
tion Handbook (24 May 1966) .

The purpose of this handbook is to familiarize project managers =~
and design engineers with current maintainability prediction pro- |
cedures for electronic systems and equipment, and general systems
and equipments. Four procedures for maintainability prediction in
electronic systems and equipment and in ger.cral systems and equip-
ments are presented. Use of this handbook facilitates the design,
development, and production of equipment and systems requiring
a high order of maintainability.
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MIL-Q-9858A, Quality Program Requirements (16 December 1963).

This specification applies to all supplies or services
referenced in a configuration item specification or contract. It
requires a contractor to plan, establish, and document a quality
program for procedures, processes, and products, including purchased
data, to make objective evidence of quality conformance available to
the government representative.

MIL-S-52779 (AD), Software Quality Assurance Program Require-
ments (5 May 1974).

This specification establishes the requirements for a definitive,
visible, contractor software quality assurance (SQA) program and its
associated planning documents. This documentation shall include
methods to aid in the identification of software development work
packages, to track work progress, to assure configuration management
practices are being maintained, to assess the success of software
testing efforts, to detect and correct software deficiencies, and to
establish software library controls. In addition, the SQA program
is to address design evaluation, documentation reviews, technical
review and audit schedule, and SQA tools and techniques.

MIL-S83490, Specifications, Types and Forms (30 October 1968).

This specification identifies types of permitted specifications.
With reservation for technical society, industry assocation, and
contractor standards and normal practices, all specifications must
conform to MIL-STD-490 or Defense Standardization Manual 3120.3-M
in format and content. To a large extent, MIL-STD-490 forms a part
of this specification by specific reference. This specification
includes provisions for quality assurance of specifications (not of
the item described by the specification).

MIL-STD-100A, Engineering Drawing Practices (1 March 1965).

This standard prescribes procedures and format authorized for
the preparation of form 1 engineering drawings and associated lists
prepared by or for the departments and agencies of DOD, as prescribed
by MIL-D-1000. MIL-D-1000 specifies the extent to which contractors
are required to use MIL-STD-100A for form 2 engineering drawings.

MIL-STD-109, Inspection Terms and Definitions (24 June 1955).

This standard designates the names and associated terminology
for examination and testing of supplies and services, and provides a
basis for general understanding of such terms. It defines inspection
and its categories, specifies inspection classes, outlines types of
inspection , details amounts of inspection, discusses inspection lots,
samples, classes of defects, and includes definitions of general
inspection terms.
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MIL-STD-109B, Quality Assurance Terms and Definitions
(4 April 1969).

o

This document provides a standardized interpretation of
quality assurance terms and definitions for use in specifications,

standards, drawings, technical manuals, contracts, quality control 3
inspection and related documents, and engineering evaluation 4
reports.

MIL-STD-470, Maintainability Program Requirements for Systems
and Eguipments (24 March 1966).

The purpose of this standard is to establish maintainability
programs through standard program requirements for DOD procurements.
It directs the preparation of ' a maintainability program plan, a
maintainability analysis, and maintainability integration in system
design, engineering, and requirements development.

MIL-STD-480, Configuration Control - Engineering Changes,
Deviations and Waivers (30 October 1968).

Bcth MIL-STD-480 and MIL-STD-481A deal with configuration
control. MIL-STD-480 covers a broader area and requires a more
coniplete analysis of the impact if the proposed engineering change
were implemented. It requires that the package submitted with an
engineering change proposal contain a description of all known
interface effects and information concerning changes required in
the functional/allocated/product configuration identification.
MIL-STD-480, therefore, is ‘imposed on prime contractors participat-
ing in the development, specification, and preparation of engineer-
ing change proposals impacting systems or high level configuration
items. This standard also specifies requirements for submittal of
deviations, waivers and notices of revision.

g MIL-STD-481A, Configuration Control - Engineering Changes,
Deviations and Waivers (Short Form) (30 October 1968).

This standard is intended for use in contracts involving the
procurement of multi-application items or items for which the
{ prescribed detailed design was not developed by the contractor.
It prescribes requirements for the preparation and submission of
proposed engineering changes and requests for deviations and waivers.
It charges the procuring activity with the major responsibility for
determination of possible effects of the engineering change on
higher level or association items. When a more complete description
of engineering changes is desired, MIL-STD-480 should be specified.
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MIL-STD-482, Configuration Status Accounting Data Elements and
Related Features (19 September 1968).

This standard establishes data items and aggregates to be used
for configuration status accounting. Provisions are made for the
addition of new programs or contractor data items. The standard
includes item names, legal coded values, and an explanation of the
item meaning.

MIL-STD-483 (USAF), Configuration Management Practices for
Systems, Equipment, Munitions and Computer Programs (31 December 1970).

This standard establishes uniform configuration management
practices that can be tailored to all USAF systems and configuration
items, including computer programs. It supplements and adds require-
ments not contained in MIL-STD-480, 481, 482, and 490. The standard
describes the general requirements of configuration management and
outlines the content of 15 documents pertinent to identifying,
establishing, and controlling system and configuration item baselines.

MIL-STD-490, Specification Practices (30 October 1968).

This publication describes the purposes, format, and technical
content of various types of specifications. The applicable sets of
specifications relating to the development of computer programs are
the type A (system specification), type B5 (computer program develop-
ment specification), and type C5 (computer program product specifica-
tion). This material should be used with MIL-STD-483 to establish
configuration baselines. The format and content of specifications
in this standard and in MIL-STD-483 are somewhat different.

MIL-STD-499A, Engineering Management (1 May 1974).

This standard contains a set of criteria to serve as a guide
for contractors to plan, conduct, and manage a system engineering
effort. The standard emphasizes the tailoring of engineering tasks
to each particular program and the need for all engineering tasks to
be performed as a single total integrated engineering effort. The
appendix includes task statements which can be tailored to particular
program and become specific contractual requirements.

MIL-STD-756A, Reliability Prediction (15 May 1963).

This standard establishes uniform procedures for predicting
the quantitative reliability of aircraft, missles, satellites,
electronic equipment, and subdivisions of them throughout the develop-
ment phases to reveal design weaknesses and to form a basis for
apportionment of reliability requirements to the various subdivisions
of the product. Feasibility prediction and design prediction are
the two classes of reliability prediction procedures discussed.
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MIL-STD-757, Reliability Evaluation From Demonstration Data
(19 June 1964).

This document establishes uniform technical procedures for
evaluating achieved reliability, the minimum input information
necessary for this purpose, and the criteria under which this minimum
information is gathered. The acceptable reliability level which must
be achieved and the test procedures and conditions which apply to and
become a part of this procedure are those stated in the detailed
equipment specification.

MIL-STD-881A, Work Breakdown Structures for Defense Material
Items: (25 April 1975).

This standard describes a framework for planning and assigning
technical responsibilities and tasks, providing uniform control
over and reporting of progress and status of contractor efforts, and
uniformity of definitions to improve interpretation and reconcilita-
tion of reports. The standard describes the preparation and use of
the WBS and sublevels of the structure that apply to summaries and
to individual contracts. The highest three levels of the WBS, i.e.,
the summary WBS, are specified for seven different categories of
systems, including electronic systems which encompass ADP and
computer programs. The standard is used by both contractors and
DOD components.

MIL-STD-1472A, Human Engineering Design Criteria for Military
Systems, Equipment and Facilities (9 February 1968).

This standard specifies human engineering criteria for human/
equipment interfaces. All of the criteria refer to physical limits.
There are no explicit references to qualities of computer programs
and their interface with humans.

MIL-STD-1521 (USAF), Technical Reviews and Audits for Systems,
Equipment and Computer Programs (1 September 1972).

This standard describes the detailed requirements for conducting
the following system milestone events:

1. System Requirements Review (SRR)
. System Design Review (SDR)
. Preliminary Design Review (PDR)
. Critical Design Review (CDR)

2

3

4

5. Functional Configuration Audit (FCA)
6. Physical Configuration Review (PCA)
4

Formal Qualification Review (FQR)
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The reviews and audits are conducted only when specified in the
contract. The standard identifies contractor and government
responsibilities in the conduct of the review or audit, and outlines
the minimum content of information to be presented. The reviews
and audits may be used individually or as a set, and may be applied
to each item of an entire system, or to individual equipment or
computer programs.

MIL-STD-1528 (USAF), Production Management (1 August 1972).

This standard prescribes the production management objectives
and requirements which must be met by the contractor's production
management system on any contract against which this standard is
levied. This standard is applicable to contracts which involve the
engineering development or production of military systems, subsystems,
equipment, and components.

MIL-T-38804 (USAF), Preparation of Time Compliance Technical
Orders (31 July 1972).

This specification identifies the requirements for preparing
time compliance technical orders (TCTO) including format. TCTOs
are used to impose or direct usage restrictions, retrofit changes,
or special one-time inspection or replacement of components or systems.
TCTO's are a means of changing and ordering the retesting of computer
programs.

"Other Military Publications"

Advanced Ballistic Missile Defense Agency (ABMDA) Research and
Development Software Standards, vol. 1, edition 2, (System Development
Corporation, 8 September 1972).

This document presents the basic set of advanced ballistic
missile defense agency (ARMDA) research and development soft-deliverables
of a computer software research, design, and development project as
documentation, source programs, and data. These standards are
applicable to the deliverables of all associate contractors performing
ABMDA research and development involving software deliverables.
The scope of their applicability is to be determined by the individual
contracts; deviations are not permitted except by prior approval of
the ABMDA Data Processing Division.
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Bligh, Alan B., Doris E. Gossett and Janet P. Mason, Research
Computation Center Program Publication Guide (Naval Research Laboratory
(NRL) , February 1969).

This guide contains the research computation center (R66)
standards for documenting, revising, classifying, submitting,
identifying, obtaining, and evaluating computer programs at NRL.

It is anticipated that the use of such standards will promote
efficient organization of an RCC program library and will provide for
maximum effective usage of this program library throughout NRL.

Cobol Compiler Validation System (Automatic Data Processing
Selection Office (Navy), 26 January 1976).

This document is one of 14 volumes comprising the preliminary
documentation for the 1974 U.S. Navy COBOL Compiler Validation System
(Ccvs). The 1974 CCVS wil consist of audit routines, their related
data, and an execution routine (VP-Routine) which prepares the audit
routine for compilation. Each audit routine is a COBOL program which
includes many tests and supporting procedures indicating the results
of the tests. The audit routines collectively contain all the features
of American National Standard Programs Langauge COBOL - X3.23-1974
(except for the enter statement of the nucleus module) as specified
in Federal Information Processing Standard (FIPS) 21-1.

Berning, Paul T., A Semanol (73) Implementation Standard for
Jovial (J73) (Tactical Reconnaissance Wing Systems Group, 30 June 1975).

The formal definition of the programming language JOVIAL (J73)
was produced by the metalanguage, SEMANOL. The process of definition
resulted in the successful identification of many ambiguities and
conflicts in the JOVIAL language which were reported to the language
definition Committee. SEMANOL (73) is under ;tandable by laymen
processable by the SEMANOL interpreter computer program. The inter-
preter program was completed and debugged during the contract period.
JOVIAL (J73), as processed by the SEMANOL interpreter, has been tested
to the extent that (1) the JOVIAL (J73) level one subset grammer is
well debugged, (2) the formal definition is syntactically correct,
and (3) the simpler semantics are tested to yield correct answers.
The results of this effort coupled with previous and concurrent
efforts show SEMANOL as a highly valuable standarization tool for
failure use in DOD language controls.
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Defense Standardization Program Area Information Processing
Standards for Computers (IPSC), Project IPSC-0012 (IPSC Program
Analysis, FY 77-8l1) (Department of the Air Force, 12 August 1976).

This program analysis describes the FIPS program and the
Federal Government Program for management of automatic data pro-
cessing in general, of which FIPS is a part. In addition to describ-
ing the national and international standardization activities in this
area, it also describes other DOD standardization activities and the
relationships of the IPSC area to all of these programs. Projects
underway and assignments of responsibilities are defined. 1IPSC is |
charged with the assignment of standardization responsibility in the |
following areas: terminology, methods of problem description,
programming language, communication characteristics, input-output
media and format, character codes, and character recognition.

DOD Weapon Systems Software Management Study, (Applied Physics
Laboratory, John Hopkins University, Draft, May 1975).

This report attempts to identify and define:
1. The nature of the critical software problems facing DOD
2. The principal factors contributing to problems |
3. The high payoff areas and alternatives available

1 4. The management instruments and policies that are needed
' to define and bound the functions, responsibilities, and
mission areas of weapon systems software management.

To achieve these objectives, the study includes a review and analysis
of 10 recent major DOD-sponsored studies, a review of the software -
system design and management in 10 Navy and 2 Army weapon systems,
and discussions with service and industry organizations involved in
weapon system software acquisition, development, and maintenance.

HYPO-COBOL Language Specifications -- A Proper Subset of the
Low-Intermediate Level of FIPS Pub 21-1 COBOL (Automated Data Pro-
cessing Equipment Selection Office (NAVY), 29 December 1975).

This publication discusses HYPO-COBOL as a prorer subset of the
full American National Standard Programming Language COBOL as defined
in ANSI X3.23-1974. HYPO-COBOL is oriented toward a compiling
system which need not place heavy demands on its environment in terms
of time and space, and provides functional capability beyond the minimum
definition of COBOL. Most of the elements selected for inclusion in
HYPO-COBOL are required in any implementation of a low-level COBOL
compiler, as defined in FIPS Pub 21-1. However, HYPO-COBOL is not a
proper subset of low-level COBOL because it does not contain all
elements of low-level COBOL, but does contain selected elements from
higher levels of COBOL.
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Information Processing/Data Automation Implications of
Air Force Command and Control Requirements in the 1980's, CCIP-85,
vol 1, (Tactical Reconnaissance Wing, April 1972).

This study projects trends in Air Force command and control
requirements and their information processing implications, infers the
information processing technology requirements to satisfy those
trends, determines world environment information processing technology
trends impacting Air Force command and control, identifies information
processing research and development programs to handle these impacting
items, and integrates these programs into a systems design approach
for Air Force research and development in command and control.

Kiselev, B. B., Standardization of Computer Technology Facilities

(Foreign Technology Division, Wright-Patterson AFB, 26 November 1968).

This report points out that each computer-manufacturing organiza-
tion has in the past had its own system of specifications, and the
result has been a great variation in parameters of such computer
equipment as analog and digital processors, magnetic tape, drum and
core memories, I/O units and verifiers, sorters, and collaters.
Various reasons for the desirability of standardizing basic charac-
teristics to make computer equipment compatible and interchangeable
are listed, and a program for realizing this goal in the next 2 years
is presented. It is expected that this action will also promote the
establishment of procedures, technical requirements, and methods for
testing computers that will result in their increased speed, capa-
city, and reliability, as well as in compatibility of instruction
repertoires and software, development of modern I/O units, and

centralization and specialization of manufacturing facilities for
computers and their components.

Mitchell, Wallace E., and Joseph L. Pokorney, A Systems Approach
to Computer Programs (Electronic Systems Division, L. G. Hanscom AFB,
Technical Requirements and Standards Office, February 1967).

This paper describes an Electronic Systems Division (ESD) approach

to adapting existing AFSC system management techniques to computer
programs. Procedures for insuring system compatibility, design inte-
grity, and technical control are discussed, and a method for achieving
design verification and qualification is presented. Particular
emphasis is placed on the relationship of these techniques to computer

programs as elements of large computer-based systems. The application
of these techniques is illustrated through selected examples taken from

current ESD system procurements.
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Piligian, M. S. and Joseph L. Pokorney, Air Force Concepts for
the Technical Control and Design Verification of Computer Programs
(Electronic Systems Division, L. G. Hanscom AFB, Technical Require-
ments and Standards Office, April 1967).

This paper presents Air Force-developed concepts for technical
control and design verification of computer programs. Starting
with the definition of a computer as a deliverable contract end item
requiring a design and development effort, management procedures for
controlling the design and development process are explained.
Technical control of computer program design through periodic design
reviews is outlined, and test concepts for verification of computer
program performance are presented. The techniques discussed are
based on an exchange of technical information between the contractor
and the procuring agency at a series of discrete milestones throughout
the design and development process. The milestones, including design
reviews, qualifications testing, etc., are described and their rela-
tionship to the design and development of a computer-based system is
illustrated. The techniques are directly applicable to any large
computer-based system, military or commercial, and can be easily
tailored to fit a small computer system.

Weiss, David M., The Mudd Report: A Case Study of Navy Software
Development Practices, NRL Report 7909 (Naval Research Laboratory,
21 May 1975).

The Mudd Report is a study of Navy software development practices
which is based on a series of interviews with those responsible for
the development of Navy systems. The study chronicles the develop-
ment of a fictional system with requirements typical of Navy tactical
systems currently operational or under development. A history of the
decisions made during the development of the system is first given.
Following the history is an analysis of the impact of each decision on
the software developed for the system, and on the life cycle of the
software. Finally, a set of recommendations for avoiding the pitfalls
described in the report is given. The recommendations are designed
to assist Navy program managers responsible for software development.

"Non-military Government Publications"

American National Standard COBOL as the Federal Standard COBOL,
FIPS Pub 21 (National Bureau of Standards, ).

This publication announces the adoption of the American National
Standard COBOL (X3.23-1968) as the Federal Standard COBOL. The
American National Standard defines the elements of the COBOL program-
ming language and the rules for their use. It is used by implementors
as the reference authority in developing compilers and by users for
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writing programs in COBOL. The primary purpose of the standard is to
promote a high degree of interchangeability of programs for use on a
variety of automatic data processing systems.

Chapman, R., D. Klinglesmith, and G. Mason, Standards Guide for
Space and Earth Sciences Computer Software (National Aeronautics and
Space Administration, January 1972).

Guidelines for the preparation of systems analysis and pro-
gramming work statements are presented. The data are geared toward
the efficient administration of available monetary and equipment
resources. Language standards and the application of good management
techniques to software development are emphasized.

CODASYL Data Description Language Committee, CODASYL Data
Description Language, Handbook 113 (National Bureau of Standards
June 1973).

This is the first journal of development of the CODASYL Data
Description Language Committee. The report specifies the syntactic
and semantic rules of a data description language designed to "permit
the description of the structure and contents of a data base in a
language independent of, but common to many other high level
languages." A background and history of the Committee and the major
concepts of the language are also included.

Code for Information Exchange, FIPS Pub 1 (National Bureau of
Standards, 1 November 1968).

This document provides administrative policy and general guidance
information relative to the implementation and utilization of the
standard code for information exchange. The technical specifications
define a code and character set for use in FIPS communications systems
and associated equipments.

Davis, Ruth M., "Computer Auditing Increasingly a Necessity,"
Dimensions (National Bureau of Standards, July 1976), pp 7-10.

This article dicusses the existing lack of auditing, accounting,
and fidelity of computer systems. The articles calls for the develop-
ment of fidelity standards by the computer user community, and for

research and development of measuring and testing techniques as a
basis for standards.
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Federal Information Processing Standards Index, FIPS Pub 12-2
(National Bureau of Standards, 1 December 1974).

This publication provides material concerning standardization
activities in the area of information processing at the Federal,
National, and International levels. Also included are related
policy and procedural guideline documents. A list of federal
government participants involved in the development of federal
information processing standards is provided.

Flowchart Symbols and Their Usage in Information Processing, FIPS
Pub 24 (Natioral Bureau of Standards, 30 June 1973).

This publication establishes standard flowchart symbols and
specifies their use in the preparation of flowcharts in documenting
information processing systems. This standard applies to any
‘ federal information processing operation in which use of symbolic
; representation is desirable to document the sequence of operations

and the flow of data and paperwork.

Grooms, David W., Computer Software Standards: A Bibliography ;
4 with Abstracts (National Technical Information Service, May 1976).

This document provides a listing of standards for the design
and development of computer software, including compiler standards,
programming language standards, and program development standards.

Grooms, David W., Programming Language Design: A Bibliography
with Abstracts (National Technical Information Service, August 1975).

This bibliography presents research on the design, development
3 and implementation of programming languages. The research includes
specifications and applications for the programming languages in
systems development and their use in specific cases, such as inter-
i active graphic systems, univac computers, and others. The report

i also includes research on language compilers, syntax, semantics, and
logic modules.

Guidelines for Describing Information Interchange Formats,
FIPS Pub 20 (National Bureau of Standards, 1 March 1972).

This publication provides guidelines which identify and describe
the various characteristics of formatted information that should be
considered whenever formatted information is interchanged. The
objective is to clarify and improve the documentation necessary to
effectively provide, process, or use the information involved. The
guidelines provided are to be used throughout the federal government
as a checklist for preparing effective documentation of formatted
information interchange.
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Guidelines for Documentation of Computer Programs and Automated
Data Systems, FIPS Pub 38 (National Bureau of Standards, 15 February
1976) .

These guidelines provide a basis for determining the content
and extent of documentation for computer programs and automated data
systems. Software development phases and related document types are
identified, several examples of documentation options are given, and
content guidelines for the following document types are produced:
Functional Requirements Document, Data Requirements Document,
System/Subsystem Specification, Program Specification, Data Base
Specification, Users Manual, Operations Manual, Program Maintenance
Manual, Test Plan, Test Analysis Report.

Marron, Beatrice, Guidelines for Documentation of Computer
Programs and Automated Data Systems (National Bureau of Standards,
15 February 1976).

These guidelines provide a basis for determining the content
and extent of documentation for comptuer programs and automated data
systems. Software development phases and related document types are
identified, several examples of documentation options are givzn, and
content guidelines for 10 document types are provided. The 10
document types are: Functional Requirements Document, Data Require-
ments Document, System/Subsystem, Specification, Program Specification,
Data Base Specification, Users Manual, Operations Manual, Program
Maintenance Manual, Test Plan, Test Analysis Report. The guidelines
are intended to be a basic reference and a checklist for general use
throughout the Federal Government to plan and evaluate documentation
practices.

Neoterics, Inc., NASIS Data Base Management System - IBM 360/370
0S MVT Implementation: Vol 1l: Installation Standards (National
Aeronautics and Space Administration, September 1973).

The installation standards for the NASIS Data Base Management
System are presented. The standard approach to preparing systems
documentation and the program design and coding rules and conventions
are outlined. 1Included are instructions for preparing all major
specifications and suggestions for improving the quality and effici-
ency of the programming task.

Objectives and Requirements of the Federal Information Processing
Standards Program, FIPS Pub 23 (National Bureau of Standards,
15 February 1973).

The FIPS Program was established in response to Public Law 89-306
(The Brooks Legislation), which provides for the economic and efficient
purchase, lease, maintenance, operation, and utilization of ADP
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equipment by Federal departments and agencies. This document outlines
the objectives of the FIPS Program and identifies requirements for
specific standards necessary to accomplish these objectives.

Software Summary for Describing Computer Programs and Automated
Data Systems, FIPS Pub 30 (National Bureau of Standards, 30 June 1974).

This publication provides a standard software summary form and
instructions for describing computer programs or automated data systems
for identification, reference, and dissementation purposes.

Standardization of Data Elements and Representations, FIPS
Pub 28 (National Bureau of Standards, 5 December 1973).

This publication provides policy and identifies responsibilities
of executive branch departments and independent agencies for a govern-
ment-wide program for the standardization of data elements and repre-
sentations used in Federal automated data systems.

Vocabulary for Information Processing, FIPS Pub 11 (National
Bureau of Standards, 1 December 1970).

This publication provides an alphabetic listing of approximately
1200 terms and definitions for use in information processing activities
such as the description, representation, communication, interpretation,
and processing of data by human or automatic means. Multiple-word
terms are listed in their natural order: terms with identical last
words appear as "see references” under the common word. Other
reference symbols indicate synonyms, preferred terms, contrasting
meanings, and unabbreviated forms for defined terms which are acronyms
or abbreviations.

Voluntary Industrial Standards in the United States: An
Overview of Their Evolution and Significance For the Congress
(Congressional Research Service, Library of Congress, July 1974).

This report is an overview of the standardization process and
the national and international organizations impacting standardiza-
tion in both the private and public sectors in the United States.
It discusses the standardization process and the extent to which it
is and has affected the American consumer. Current legislation
for voluntary international standards is also discussed. A history
of standardization and its industrial and consumer impact, including
the development of NBS and ANSI an national standards organizations
and their activities in voluntary standardization, provides a back-
ground for discussing trends towards an increasing government role
in standardization. Standardization on the international scene
and its impact on U.S. business are identified.
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Vickers, Mabel V., Aids for COBOL Program Conversion (National
Bureau of Standards, 1 December 1975), An Analysis.

Since COBOL is a living language, in the sense that it is under
constant development and clarification, the Federal community which
relies heavily on COBOL to satisfy programming needs has a large
degree of assurance that COBOL will continue to meet their needs as
future generation systems are introduced. However, along with the
advantage of having more sophisticated and better COBOL tools to meet
new systems requirements, there is a short term disadvantage. As
clarifications and new facilities are added, they interact with lan-
guage specifications already standardized, and this interaction some-
times requires changes in source programs. An analysis in the form
of narrative descriptions and syntax comparisons, it aids the transi-
tion of COBOL program from use with compilers developed in accordance
with the 1968 COBOL standard (FIPS Pub 21) to compilers developed in
accordance with the 1974 COBOL standard (FIPS Pub 21-1).

Wood, John F., Guidelines for Benchmarking ADP Sysiems in the
Competitive Procurement Environment (National Bureau of Standards,
15 December 1975).

This publication provides general guidelines to be used by
Federal agencies as best practices of benchmark mix demonstrations
for validating hardware and software performance in context with
processing the users' expected actual workload. It treats
selection of the benchmark mix, sanitation of the benchmark mix,
and planning for and conducting the benchmark mix demonstration.

Brooks, Frederick P., Jr., The Mythical Man-Month Essays on
Software Engineering (Addison-Wesley Publishing Co., 1975).

This publication contends that large programming projects
suffer management problems different in kind from small ones due
to the division of labor. It identifies the critical need as
conceptual integrity of the product itself, and discusses the
difficulties of achieving this unity and methods for achieving it.

Callender, E. D., M. Feliciano, and L. D. Jennings, SAMSO
Computer Language and Software Development Environment Requirements
(Aerospace Corp., 15 December 1975).

This report identifies the higher order language requirements
and software development environment requirements for SAMSO applica-
tions. This document has three major sections: (1) Functional
requirements for SAMSO computer programs, (2) Higher order
language constructs and software development environment constructs
necessary to support the functional requirements, and (3) recommenda-
tions. This report concludes that it is technically feasible for
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most computer programming for new SAMSO projects to be done in one
higher order language. If this technical feasibility is coupled with
the increasing cost of software development and maintenance, stan-
dardization on a single higher order language becomes highly desirable.
If cost savings in software development and maintenance are to be
realized, a standard software development environment must be created
and a program for the specifications, development, test, and mainte-
nance of this single higher order language and its associated software
development environment must be established.

Connolly, J. T., Software Acquisition Management Guidebook:
Regulations, Specifications and Standards (Mitre Corp., October 1975).

Regulations, specifications, and standards pertinent to Air
Force software acquisition are identified and categorized by
management and software development tasks required during a system
acquisition. The place of software development in a system life
cycle and the two principal Air Force management regulations impact-
ing on software acquisition are discussed. Brief summaries of
regulations, specifications, and standards and keyword cross-
reference lists for selected documents are included.

Englander, William R., "How Standard Are COBOL Compilers?",
Business Automation, vol. 17, no 6 (June 1970), pp 65-70. 1

This document reports on COBOL compiler validation system (CCVS)
test failures without identifying which compiler. It suggests using
CCVS to select both a compiler and those features to be avoided as
not compatible.

Fleiss, Joel E., Guy M. Philips, Andrew Edwards, and
Larry Rieder, Programming for Transferability (International
Computer Systems, Inc., September 1972).

This document presents the results of an investigation of
design and documentation techniques used in computer programming
in order to develop recommendations and guidelines for easing the
transfer of computer programs written for one computing environment
to another.

The first part of this study is concerned with a general
transferability analysis and techniques to be utilized independent
of any particular programming language. Emphasis is placed on the
importance of transferability considerations during design and
coding of the problem program.

The second section of the study deals with higher level and
assembly/macro languages. Specific suggestions for improvement
of FORTRAN, JOVIAL, and COBOL program design are included.
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Fujii, Atsushi, "Software in Japan: Supported Growth,"
Datamation, Vol 17, No. 4, February 1971), pp 26-29.

This article reports that the Japanese government is encouraging
and supporting software development in several ways. A new organiza-
tion will buy software packages from developers and lease them to
users. The government thus assumes the majority of the risk. The
government gives examinations for information processing engineers.
The Japanese government has launched a 5-year project (large,
industrial engineering development) to upgrade the technology of
the Japanese information processing industry. One program is for
the development of common, hardware independent, software.

Gildersleeve, Thomas R., "Insight and Creativity,"
Datamation, Vol 22, No. 7 (July 1976) p. 91.

This article discusses the need for and application of both
insight and creativity in the definition, design and construction
of data processing systems. It identifies and discusses, with
real-world examples, five types of activities in the inductive
process:

1. Stating the problem
2. Collecting the facts
3. Organizing the facts
4. Developing ideas

5. Testing the ideas.

The article also illustrates the need for an adeguately and precisely
defined problem, the manner in which problems should be recognized
and defined, the process of developing solution ideas, and the
concurrent testing process necessary to assure pragmatic solutions

to real problems.

Gill, Gerald W., and Alton P. Jensen, Management of Computer
Programming, Part I: Practices and Problems (Georgia Institute
of Technology, 1969).

This study investigates the management of computer centers,
with emphasis on managing the programming effort. Problems and
objectives of programming management are examined and techniques
used in selected business and governmental organizations are
presented. The data were collected by the case study method by
surveying seven organizations. The particular aspects of the
problem discussed in the report emphasize programming objectives
and standards.
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Hicks, Harry T., Jr., "ANSI COBOL," Datamation, Vol 16, No. 14
(January 1970), pp 32-36.

This article discussed the levels of ANSI COBOL, compiler valida-
tion, and the transition from prestandard COBOL. The arrival of the
ANSI COBOL compilers will require many COBOL users to convert their
existing programs. The organization can adopt a standard dialect
to facilitate programmer training and make available a richer choice
of future computers and compilers.

Hill, Majorie F., The World of EDP Standards, Control Data Tech.
Memo TM4 (August 1972).

From official yearbooks, operating procedures, directives, and
bylaws of the national and international standardization organizations,
this report identifies the organizations comprising the standards
environment, the processes by which standards are developed, and the
operating procedures of many of the national and international
organizations. Brief histories, membership qualifications, relation-
ships to other organizations, and technical functions of international,
European, national, and other nation's standardization imstitutions
are discussed.

Hopper, Grace Murray, "Standarization of High-level Languages,"
Proceedings AFIPS (1969), pp 605-612. 3

This paper contends that the common element essential to
mobility is the establishment of standards for programmers, programs,
and documentation.

Jones, R., D. Lytle, H. McGeehan, and B. E. Scott, Survey of
Computer-Program Documentation Practices at Seven Federal Government
Agencies (Computing Technology, Inc., 31 March 1967).

This article argues that guidelines for establishing documenta-
tions requirements on a sound, rational basis would be of distinct
help to EDP management. Programmers, when properly motivated,
recognize the need to document their work, but generally lack an
essential ingredient necessary for high quality documentation - the
ability to write for the needs of others. The article states that
standards for program documentation prevent anarchy in the documenta-
tion picture, but must not be too rigid. Documentation problems are
inherently fewer in EDP organizations where the design, implementa-
tion, and maintenance functions are performed by a single task force.
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Liskov, B. H., Guidelines for the Design and Implementation
of Reliable Software Systems (Mitre Corp., February 1973).

This document proposes experimental programming and management
guidelines governing the production of reliable software systems.
g These guidelines are to demonstrate the effectiveness of the
i "constructive" approach to software reliability which seeks to
eliminate the sources of errors by making a concern for reliability
an integral part of the development process. The programming
guidelines are intended to enable programmers to cope with a complex
system effectively. The management guidelines describe an
organization of personnel intended to enhance the effect of the pro-
p gramming guidelines.

Manual for Data Processing Standards (East-West Gateway
Coordinating Council, March 1969).

This manual establishes a set of standard procedures to be
used by data processing contractors in the performance of work
for the East-West Gateway Coordinating Council. The manual
establishes the responsibilities of the council and its contractors,
the standards which are to be met, the general system requirements,
the techniques of data standardization, and the requirements for
documentation of each computer program. The manual is to be used
in conjunction with all work performed by data processing contrac-
tors.

Marshall, N. H., American National Standards Institute's
FORTRAN Standard: Effect Upon Computer Program Exchange
(Aerojet Nuclear Co., 1975).

Several of the extensions to FORTRAN included in the X3J3
proposed standard are discussed. Included are the addition of
character data type, extensions to the DO loop, and extensions
to FORTRAN input/output.

Mathis, N. S. and N. E. Willmorth, Software Milestone
Measurement Study (System Development Corp., 7 November 1973).

This study seeks to determine how software development progress
and product quality may be measured and what impact variances from
required product quality and established schedules and budgets have
on project success or failure. Accordingly, a list of candidate
milestone products is produced, potential indicators of satisfactory
or unsatisfactory progress and quality are identified, the impact of i
variances on future project performance is predicted, and the
criticality of the indicators is estimated. Finally, the ability of ]
currently specified software documentation standards to meet con- 1
figuration control requirements is evaluated, as is the impact of
granting waivers and exceptions to the specified standards.
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McQuillin, Richard J., Computer Programs Directory 1974
(Macmillan Publishing Co., 1973).

This is a directory of standardized programs made available
to members of computer manufacturer users' groups.

"Miti-Directed Software Cooperation," Datamation, Vol 22,
No. 9 (September 1976) p 97.

This article briefly discusses a cooperative effort in
Japan between Japanese software companies and the Government
"to make it easier, faster, and cheaper to produce applications
programs." Over the past 3 years, Japan's software firms joined
forces in five groups covering business data processing, management
information, scientific and engineering, operations research, and
automatic control, to define software modules from previously
written applications programs. This year, the Government and |
industry alliance formed the joint system development corporation 1
to determine how to integrate those modules and to develop a :
common programming language called CPL.

Ortega, Louis H., Structured Programming Series, Vol VII,
Documentation Standards (IBM Federal Systems Division, 21 September
1974).

This final report contains the full study findings for sow
task 4.1.7. Included are proposed changes to DOD documentation
standards necessary to realize the benefits of structured pro-
gramming technology as related to documentation. The recommended
changes to MIL-STD-483 and DOD 4120.17M constitute the initial
step in improving software documentation.

Parnas, D. L., A Technique for Software Module Specification,
CACM Vol 15, No. 5 (May 1972).

This paper presents an approach to writing specifications for
parts of software systems. The main goal is to provide specifica-
tions sufficiently precise and complete that other pieces of
software can be written to interact with the piece specified
without additional information. The secondary goal is to include in
the specification no more information than necessary to meet the
first goal. The technique is illustrated by means of a variety of
examples from a tutorial system.
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Parnas, D. L. and G. Handzel, More on Specification
Techniques for Software Modules (Fachbereich Informatik,
1975) .

This paper presents modification and extensions of the
technique for software module specification reported in the above
paper by Parnas. The techniques involve the use of "bags" and
"sets" for module specification. It is stated that the use of
these techniques avoid over-specification, and avoid the use of
"hidden" functions in module specification. Examples are included.

Perstein, Millard H., Some Techniques for Describing
Programming Languages (System Development Corp., 4 January 1968).

This paper examines several techniques for describing a
programming language, points out desirable qualities in programming
language description, and notes some incompatibilities among these
qualities. Misconceptions with regard to the appropriate role of
compact SYNTAX Metalanguages are pointed out. Reasons are adduced
for producing a single definitive document to specify a given
programming language for the edification of all programmers skilled
in the art. A lean mix of compate SYNTAX meta-languages with
natural language is recommended for writing such a document.

Proposed Revision of American Standard COBOL (American
National Standards Institute, January 1974).

This document is for review purposes only in anticipation of
its becoming an American National Standard and, subsequently,
a federal information processing standard. The American National
Standard COBOL defines the elements of the COBOL programming
language and the rules for their use. The standard is used by
implementors writing programs in COBOL. The primary purpose of
the standard is to promote a high degree of interchangeability
of programs for use on a variety of ADP systems.

Shnders, T. R. B., Ed., The Aims and Principles of Standardization A
(International Organization for Standardization, October 1972).

This book is a condensation of a number of studies performed
by STACO, the ISO standing committee charged with the study of
the principles of standardization. Showing the development of
standardization from a desirable activity to one that is vital
in our society, the book identifies three major factors that have
generated a national and international need to standardize:
(1) the increasing influence of multi-national companies which sell
their products and services on a world-wide market, (2) developing
countries, trying to build domestic industry that is both independent
and competitive in the world market, and (3) the national and
international consumer organizations which demand the best possible
value for their money.
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Tinanoff, Nathan, Structured Programming Series: Vol II,
Precompiler Specifications (IBM Federal Systems Center, 9 May 1975).

This report contains a description of and program specifications
for implementation of the structured programming standards in
volume I of the structured programming series. Specifications are
presented for precompiler for macro processing programs for the
ANS COBOL, ANS FORTRAN, JOVIAL J3, JOVIAL J73, and TACPOL compilers
and the AN/GYK-12 and IBM S/360 assemblers. The precompiler or
macro processing programs are designed to process four structured
programming figures (if then else, dowhile, dountil, and case).
The include capability, which facilitates top-down programming,
is also addressed.

Walsh, Dorothy A., A Guide for Software Documentation
(McGraw-Hill, 1969).

A series of outlines or models is given for the standard
manual and references written to describe software. The outlines
give a basic minimum content list and provide a basic minimum
features checklist for the software itself. The text gives
directions for adapting an outline for a general document type
to the specific software item to be described.

Wells, Mark B., Evolution of Computer Software (Los Alamos
Scientific Laboratory of the University of California, February 1971).

The history of programming languages and operating systems for
digital computers is traced from about 1950 to the present. The
significant contributions of languages such as FORTRAN, ALGOL, and
APL are discussed. Operating system development is presented
in the light of the growth of important concepts such as batch
processing, multiprogramming, and paging. Interactions between
software and hardware evolution are pointed out. For instance,
the hardware introduction of input-output channels and associated
buffering and the software concept of a resident supervisor go
hand-in-hand. Finally, an attempt is made to pinpoint current
trends of software evolution. Notable in this respect are more
automated data management, an attempt to understand the function-
ing of complex operating systems, and the growing use of interactive
and remote computing facilities.
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Science Applications

Software engineering / by Science Applications. --
Champaign, I11. : Construction Engineering Research
Laboratory ; Springfield, Va : for sale by National
Technical Information Service , 1978.

2v. 3 27 cm. -- (Technical report - Construction
Engineering Research Laboratory ; E-126)

Contents: v.1. Its development and standards. --
v.2. Software standards personnel inventory.

1. Computer programs. 2. Computer programs -
standards. I. U.S. Construction Engineering Research
Laboratory. 1II. Title. III. Series: U.S. Construction
Engineering Research Laboratory. Technical report ; E-126.
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